TOTAL MAXIMUM DAILY LOAD ANALYSIS FOR GREENWICH BAY WATERS

GREENWICH BAY BAKER CREEK

APPONAUG COVE DARK ENTRY BROOK

BRUSH NECK COVE GORTON POND TRIBUTARY

BurTONWOODS COVE GREENWOOD CREEK

GREENWICH COVE HARDIG BROOK

WARWICK COVE MASKERCHUGG RIVER
MIiILL BROOK

SOUTHERN CREEK (CARPENTER BROOK)
TUSCATUCKET BROOK

WARWICK, RHODE ISLAND
EAST GREENWICH, RHODE ISLAND
WEST WARWICK, RHODE ISLAND

Photograph courtesy of the City of Warwick

Draft Report for Public Comment
February 2, 2004

i

&2

RHODE ISLAND DEPARTMENT OF ENVIRONMENTAL MANAGEMENT
OFFICE OF WATER RESOURCES
235 PROMENADE STREET
Providence, RI 02908



DRAFT REPORT FOR PUBLIC COMMENT

TABLE OF CONTENTS
LIST OF FIGURES ...c..cutiiitiititeeit ettt ettt sttt ettt et st ettt et sttt e et e bt et et e sbeeneeanenaeenee 1
LIST OF TABLES ....cutititiieitesttete ettt ettt ettt sttt ettt et ae st a e e h ettt ea e b st e bt bt eatese et ense s etesaeene e i
LIST OF ACRONYMS AND TERMS......ciiutiitiitiniiintieteeitenteete et estt et ettt et st esat ettt ste et satesaeeneeanesbeeneesanens 111
ABSTRACT ..ottt ettt et et b e e at e b et e a e bt e bt bt et eas e s h e b et bt e e sae b eane 1
1.0 INTRODUCTION ..ccutiiiiiiiieiiteeteesieeetee st et e et et e sie e et e st st e s e e et e saeeeteesaae e st e smneeateesaneenneessnesnneennneens 2
Lol STUAY AT@A ..ottt ettt e ettt et e et e e bt e esbe e steeabe e aeeenbeesseeenseeesaeenbeeenbeeseeenaaens 2
1.2 POIULANt OF COMNCEIM ....uveiiiiieciie ettt ettt e e e e et e e e e e s ataeessaaeesssaeesseeessseeennneesnseeesnneens 4
1.3 Priority RANKING . .....coiiiiiiiiiieiiece ettt ettt ettt ettt e et e e ebeesaeeeabaeaeeesseessseenseesnsaans 4
1.4 Applicable Water Quality Standards ............ccceeeiiiiiiiiieiieecccee e e 4
2.0 DESCRIPTION OF THE STUDY AREA ....ccuttttttittenttiaieeniteeteenitesateesttesiseesseesaseeseessseenseesaneeseessseenseesaneens 6
2.1 Greenwich Bay Sub-WaterSheds ...........ooouiiiiiiiiiiii e e 6
2.2 Water Quality History in Greenwich Bay...........ccooouiiiiiiiiiiiiieiiceetee e 10
2.3 Supporting DOCUMENEATION .......vieeiieeiiieeeieeeeieeeeteeesiee ettt eeseaeeetaeestaeesseeesssaeeesseeessseeensseesnseeennses 11
3.0 PRESENT CONDITION OF THE WATERBODY ....cccuttittenitiaiteniteeieeniteeteesseesneesieeeneesseesseesmneenseesseesnees 12
3.1 Instream Water Quality — Greenwich Bay and COVES.........cccvveviiiiiciieeiiieciie e 12
3.2 POIIULION SOUICES ....eeuvieeiiieiieeiteiie ettt ettt e et eette e bt esteeebeessaeesseesseeenseessseenseasssesnseesnseenseesssesnsees 15
3.3 Natural Background CONAItIONS ...........ccccuiiiriieeiiieeiiieesiee et e et e esre e e e e seaeeeaaeeesseeessaeeeseeeennes 22
3.4 Water Quality IMPairmmentS........cc.eeiiieriiiiiieriieeie ettt este et e eete et e saeeseesbeesseeenseessaesnseesnsessneenseas 23
4.0 TIMDL ANALYSIS .ot etteetteiee ettt ettt sttt ettt sa et set et s n e e s i e et e e saeeeaneesaneeaneesaneenneesaneenneennns 24
4.1 Establishing a Numeric Water Quality Target..........ccccceeriieiiieniieiierie et 24
4.2 Establishing the Allowable Loading (TMDL).........ccociiiiiiiiiiieeeeeeeee e e 24
4.3 Required REAUCTIONS ........cooiiiiiiiiieciie ettt ettt ettt e e staesabe e teesabeenseeenbeenseeesseenseas 26
4.4 Strengths and Weaknesses in the Analytical Approach...........cccocvveviiieeiiieeniieeeeee e 30
5.0 IMPLEMENTATION ....uttiiiiiiiteniteeitenite et sit et e sttt et esat e et esbt e e abeeshteeabeessbeeabeesateembeesbeeeabeesaneenbeenneesnnees 31
5.1 Storm Water ManaQ@emENT ..........ceeecuviiiiiiiiiieeeiiieeeeeiieeeeeie e e e st ee e e seteeeeesnaaeeeesssaeeesensaeeesnnsneeens 31
5.2 Wastewater ManaQ@emENL..........coovuuiiiiiieiiieeniieeeite et e et e ettt e et eettee st e e sabteesabteesabeeesabeeesabeeenans 36
5.3 Waterfowl, Wildlife, and DOmESLIC PELS .......coeiiiiiiieiieeieeeeeeeeeeeeeeeeeee ettt e e e e e eeeee e 37
5.4 Marine Pump-out FACIIITIES. ......ccouuiiiiiiiiiiieiie ettt ettt et 38
5.5 FUture DEeVEIOPMENL......cccviiiiiiieeiieecie ettt et ettt e et e e e e et e e eaaeeensaeesbeeesnneeennnes 38
5.6 BEaCh MANaZEMENL......cc.ciiiiiiiiiiieiie ettt ettt ettt et e st e e bt e e abe e beeenteesaeeenbeeeneeenseas 38
5.7 SUINIMATY ...ttt ettt et e et e e st eesabeeessseeeaaseeessseeasseeansseeansseeansseeanssesansaeeansseesnseessnseesnnses 39
6.0 PUBLIC PARTICIPATION......uttitiiitenitiiteeniteette st et e sieeeeneesieeeteesateesneesaseeneesaneemneesaneeaneenaneenneesaneennees 41
7.0 FOLLOW=UP MONITORING. ....c..tecttruiettiiiniteteetenitenteeitesttesteetsesteesseeasesteesseessesaeesesasesueeneesnesseensesnnens 42
8.0 REFERENCES ...ceutttiiutiteiiteeeitteeeitte et te ettt e ettt e sttt e ettt e eabteesabteeaabteeaabeeeasbeeebaeeeabbeesabbeesasbeesabaeesabeeenanes 43

APPENDIX A Shellfish Station Locations and Data

APPENDIX B Tributary Station Locations and Data

APPENDIX C  Greenwich Bay Direct Storm Water Discharges

APPENDIX D  Direct Storm Water Discharge and Other Source Station Locations and Data
APPENDIX E  Bacteria Concentrations at the Mouth of Greenwich Bay

APPENDIX F 2000 and 2001 Beach and Shellfish Closures

02/02/04 Page i
TMDL 02.02.04 Public Comment.doc




DRAFT REPORT FOR PUBLIC COMMENT

LIST OF FIGURES

Figure 1.1 Greenwich Bay Watershed. ..........occooiiiiiiiiiiiiiiceeeceee ettt 3
Figure 2.1 Greenwich Bay Sub-watersheds. .........c.oooeiiiiiiiiiiiiccecee et 6
Figure 3.1 Greenwich Bay Shellfish Stations, Segments, and Closure Lines. .........ccccceceveererieneennennne. 13
Figure 3.2 Tributary and Direct Storm Water Sample Stations. .........ccceeeveerciieerieeeiieeerieeeieeeieeeeveeenns 18
Figure 3.3 Approximate Locations of Known Direct Storm Water Discharges. ..........cccceecvevervieniennenne. 20
L1ST OF TABLES

Table 1.1 Greenwich Bay Waterbody Classifications and 2002 303(d) Listing (RIDEM, 2003c). ........... 2
Table 1.2 Bacteria Water Quality Standards and Applicable Waterbodies (RIDEM, 1997). .................... 5
Table 2.1 Greenwich Bay and Sub-watershed Land Use by Area (km?®) and Percentage (RIGIS, 1999)..7
Table 2.2 Supporting DOCUMENTAION. .......c.eeiiieriiiiiieriie ettt ettt et sae et et eebeessaeetaesaseenseeneeas 11
Table 3.1 Greenwich Bay Water QUAlity." ...........oouoiuimiieoieeeeeeeeeeee et 14
Table 3.2 Beach Water QUAlILY.......cccuiiiiiiiiiiiiieiiece ettt ettt ettt e saeesaenbeeenneenseas 15
Table 3.3 Tributary Water QUAlItY.........ccoviiieiiiieiie ettt et e evee e b e e sbe e e snaeeenbeeeeseaenns 19
Table 3.4 Direct Storm Water Discharge and Other Source Water Quality.........c.cccocevvieriinieienienennen. 21
Table 3.5 East Greenwich WWTEF Water QUality. ........cccviieiiiiiiiieeeiee ettt eeve et 21
Table 3.6 Septic System Violation Rates (O’Rourke, 1995). .......ccovvviiiiiiiiiiieeeeeeeeeeeeee 22
Table 4.1 Stations within Each Greenwich Bay Segment. ............ccccviviiiiiiiiiciiice e, 25
Table 4.2 Greenwich Bay Segment Weighted Geometric Mean and 90" Percentile Values. .................. 27
Table 4.3 Beach Weighted Geometric Mean and 90™ Percentile ValUes. ..........eeveeveeeeeeeeersrereereeeeresnene. 28
Table 4.4 Tributary Weighted Geometric Mean and 90" Percentile Values. .............cccoovvreveveerrcrrnnn, 29
Table 4.5 RIPDES Permit LIMIS.......coiuiiiiiiiiiiiieeie ettt st 30
Table 5.1 Priority Direct Storm Water DiSCharges. .........cceevuiiriieiieiiieieeieee e 34
Table 5.2 Implementation Measures SUMMATY. ........ccceercuieeriieeriieerieeesieeesreeesteeeessaeeesaeeessseessneesnseeens 40
02/02/04 Page ii

TMDL 02.02.04 Public Comment.doc



DRAFT REPORT FOR PUBLIC COMMENT

LIST OF ACRONYMS AND TERMS

Best Management Practices (BMP) means schedules of activities, prohibitions of practices,
maintenance procedures, and other management practices to prevent or reduce the pollution of and
impacts upon waters of the State. BMPs also include treatment requirements, operating procedures, and
practices to control site runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material
storage.

CFR is the Code of Federal Regulations.

CRMUC refers to the Rhode Island Coastal Resource Management Council.

CVA refers to the Clean Vessel Act.

Clean Water Act (CWA) refers to the Federal Water Pollution Control Act (33 U.S.C. § 1251) et seq.
and all amendments thereto.

Combined Sewer Overflow (CSO) means flow from a combined sewer that is discharged into
receiving waters without going to a treatment works. A CSO is distinguished from bypasses, which are
diversions of waste streams from any portion of a treatment works.

DEM or RIDEM refers to the Rhode Island Department of Environmental Management.

Depuration is the artificial holding of shellfish for purification purposes.

Designated uses are those uses specified in water quality standards for each waterbody or segment
whether or not they are being attained. In no case shall assimilation or transport of pollutants be
considered a designated use.

DOT refers to the Rhode Island Department of Transportation.

EPA refers to the United States Environmental Protection Agency.

FDA refers to the United States Food and Drug Administration.

Fecal coliform bacteria are found in the intestinal tracts of mammals. Their presence in water or sludge
is an indicator of pollution and possible contamination by pathogens, disease causing organisms.

GBI refers to the Greenwich Bay Initiative.
HEALTH refers to the Rhode Island Department of Health.

Load allocation is the portion of a receiving water's loading capacity that is attributed either to one of
its nonpoint sources of pollution or to natural background sources.

02/02/04 Page iii
TMDL 02.02.04 Public Comment.doc



DRAFT REPORT FOR PUBLIC COMMENT

Loading Capacity means the maximum amount of loading that a surface water can receive without
violating water quality standards.

MS4 is a municipal separate storm sewer system.
MOS refers to the Margin of safety.
Marine Sanitation Device (MSD)

Marine toilet means any toilet or receptacle for the containment of human wastes located on or within
any vessel, as defined herein, not including a portable potty.

Most Probable Number (MPN) is an estimate of microbial abundance per unit volume of water
sample, based on probability theory.

NBC refers to the Narragansett Bay Commission.
NSSP refers to the National Shellfish Sanitation Program.

Natural background conditions are all prevailing dynamic environmental conditions in a waterbody or
segment thereof, other than those human-made or human-induced.

No Discharge Area/Zone means an area of the surface waters of the state which has been requested by
the Director of the Department of Environmental Management and declared by the United States
Environmental Protection Agency, pursuant to Section 312 of the Clean Water Act, to be an area in
which any discharge of sewage from vessels is prohibited.

Nonpoint Source (NPS) means any discharge of pollutants that does not meet the definition of Point
Source in section 502.(14). of the Clean Water Act and these regulations. Such sources are diffuse, and
often associated with land-use practices, and carry pollutants to the waters of the State, including but not
limited to, non-channelized land runoff, drainage, or snowmelt; atmospheric deposition; precipitation;
and seepage.

Point source means any discernible, confined, and discrete conveyance, including but not limited to any
pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated animal
feeding operation or vessel, or other floating craft, from which pollutants are or may be discharged.

This term does not include return flows from irrigated agriculture.

Primary Contact Recreational Activities are those activities in which there is prolonged and intimate
contact by the human body with the water, involving considerable risk of ingesting water, such as
swimming, diving, water skiing and surfing.

Rhode Island Pollutant Discharge Elimination System (RIPDES) is the Rhode Island system for
issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing point source
discharge permits and imposing and enforcing pretreatment requirements pursuant to Title 46, Chapter
12 of the General Laws of Rhode and the Clean Water Act.

02/02/04 Page iv
TMDL 02.02.04 Public Comment.doc



DRAFT REPORT FOR PUBLIC COMMENT

Runoff means water that drains from an area as surface flow.
SRICD refers to the Southern Rhode Island Conservation District.
SWMPP is a storm water management project plan.

Secondary Contact Recreational Activities are those activities in which there is minimal contact by
the human body with the water, and the probability of ingestion of the water is minimal, such as boating
and fishing.

Storm water means precipitation induced runoff.
Surface waters are any waters of the state that are not groundwaters.

Total Maximum Daily Load (TMDL) means the amount of a pollutant that may be discharged into a
waterbody and still maintain water quality standards. The TMDL is the sum of the individual wasteload
allocations for point sources and the load allocations for nonpoint sources and natural background taking
into account a margin of safety.

URI-CVE refers to the Department of Civil Engineering at the University Rhode Island.

Wasteload allocation is the portion of a receiving water's loading capacity that is allocated to its point
sources of pollution.

Water quality criteria means elements of the State water quality standards, expressed as constituent
concentrations, levels, or narrative statements, representing a quality of water that supports a particular
use.

Water quality standard means provisions of State or Federal law, which consist of designated use(s)
and water quality criteria for the waters of the State. Water Quality Standards also consist of an
antidegradation policy.
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ABSTRACT

This Total Maximum Daily Load (TMDL) plan addresses fecal coliform impairments to Greenwich
Bay, Brush Neck Cove, Buttonwoods Cove, Warwick Cove, Hardig Brook, Tuscatucket Brook, two
additional Coves, and seven tributaries within the Greenwich Bay watershed, located in the City of
Warwick and the Towns of East Greenwich and West Warwick, Rhode Island. These waters are listed
on Rhode Island’s 2002 303(d) List of Impaired Waters as Group 1 waters. Two of the Greenwich Bay
coves and the seven other tributaries included in this TMDL were found to violate standards during the
course of this project and are addressed in this TMDL. These waters do not support their designated
uses. Designated uses for these waters include primary and secondary contact recreation, fish and
wildlife habitat, and for those waters classified as SA, shellfish harvesting.

This TMDL aims to restore Greenwich Bay waters by identifying necessary pollutant reductions,
locating pollution sources, and outlining an implementation strategy to abate fecal coliform sources such
that water quality standards can ultimately be attained during all weather conditions.

With a few exceptions, bacteria impairments in the Greenwich Bay watershed arise directly following
wet weather events. In dry weather, all stations in Greenwich Bay and the coves meet the geometric
mean criterion, while five of the stations exceed the 90" percentile criterion for the shellfish use.
Following rain events, only one station in Greenwich Bay meets both parts of the Class SA water quality
standard. The Greenwich Bay coves exhibit the highest bacteria concentrations, with Apponaug Cove
and Brush Neck Cove requiring the largest percent reductions for the entire bay.

The Greenwich Bay tributaries reflect the same water quality trends as Greenwich Bay. Water quality is
generally good in dry weather and exceeds standards in wet weather. Required percent reductions in the
tributaries range from no reductions at some stations along the Maskerchugg River to a 100 percent
reduction required from Southern Creek in Brush Neck Cove. The largest bacteria sources to Greenwich
Bay are found in Apponaug Cove (Hardig Brook) and Brush Neck Cove.

Recommended implementation activities focus on storm water and wastewater management. Ongoing
efforts to ensure adequate treatment of wastewater through the planned sewer extensions, and the proper
operation and maintenance of septic systems should continue. Achieving water quality standards will
also require that both the amount of storm water and the bacteria concentrations in that storm water
reaching Greenwich Bay are reduced. To reduce runoff volumes and treat storm water, use of
infiltration basins or similar structures is recommended. A targeted approach to construction of storm
water retrofit best management practices (BMPs) at state and locally owned storm water outfalls is
recommended. Priority areas for BMP construction within the City of Warwick are Apponaug Cove and
Brush Neck Cove, for the Town of East Greenwich, Greenwich Cove, and for the Town of West
Warwick, the Hardig Brook headwaters. This TMDL also recommends pollution prevention efforts to
discourage residents from feeding birds, encourage residents to pick up after their pets, and ensure that
boats comply with the No Discharge requirements of Rhode Island marine waters.
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1.0 INTRODUCTION

Section 303(d) of the Clean Water Act and Environmental Protection Agency’s (EPA) implementing
regulations in 40 CFR§130 direct each state to develop Total Maximum Daily Load (TMDL) plans for
waterbodies that are not meeting their water quality standards. The primary pollutants of concern for
Greenwich Bay waters on the 2002 303(d) List of Impaired Waters are pathogens, nutrients, and low
dissolved oxygen (RIDEM, 2003¢c). This TMDL only addresses elevated fecal coliform concentrations,
an indication of potential pathogen contamination.

1.1 Study Area

The Greenwich Bay estuary is composed of five shallow coves connected to Greenwich Bay proper,
which then connects with the upper West Passage of Narragansett Bay. The Bay is located on the
westerly side of Narragansett Bay, approximately 6.5 kilometers southwest of the mouth of the
Providence River. The Greenwich Bay watershed, which includes parts of the City of Warwick and the
Towns of East Greenwich and West Warwick, all located in central Rhode Island, is shown in Figure
1.1.

Table 1.1 contains a list of Greenwich Bay waters, their water quality classifications, and their 2002
303(d) listing. Some of the waters included in this TMDL plan are not listed on the 303(d) List. A
TMDL plan for nutrients and dissolved oxygen is in development.

Table 1.1 Greenwich Bay Waterbody Classifications and 2002 303(d) Listing (RIDEM, 2003c).

Waterbody ID Name Water Quality 2002 303(d) Pathogen
Classification Listing TMDL Status
RI0007025E-01 | Apponaug Cove SB N, DO, AG Included
RI0007025E-02 | Brush Neck Cove SA P,N, DO Included
RI0007025E-03 | Buttonwoods Cove SA P,N, DO Included
RI0007025E-04A | Greenwich Bay SA P, N, DO Included
RI0007025E-04B | Greenwich Bay SA P, N, DO Included
RI0007025E-05A | Greenwich Cove SB1 N, DO Included
RI0007025E-05B | Greenwich Cove SB N, DO Included
RI0007025E-06A | Warwick Cove SB N, DO Included
RI0007025E-06B | Warwick Cove SA P,N, DO Included
RI0007025R-01 | Hardig Brook B P, Pb, Bio Included
RI10007025R-02 | Cedar Brook B NA
RI0007025R-03 | Maskerchugg River B Pb, Cd, Cu Included
RI0007025R-04 | Dark Entry Brook B Included
RI0007025R-05 | Tuscatucket Brook A P Included
RI0007025R-06 | Baker Creek A Included
Mill Brook B Included
Gorton Pond Tributary | B Included
Greenwood Creek B Included
Southern Creek A Included
Fosters Brook B Included

P: Pathogens (fecal coliform), N: Nutrients, DO: Low Dissolved Oxygen, AG: Excess Algal Growth / Chlorophyll-a,
Bio: Biodiversity Impacts, Pb: Lead, Cd: Cadmium, Cu: Copper
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1.2 Pollutant of Concern

The pollutant of concern is fecal coliform, a parameter used by Rhode Island as an indicator of potential
pathogen contamination.

1.3 Priority Ranking

Greenwich Bay is listed as a Group 1 waterbody in the 2002 303(d) List. Group 1 waters have the
highest priority for TMDL development.

1.4 Applicable Water Quality Standards

Designated uses and water quality standards vary depending on the water quality classification of a
waterbody. Both are described in the State of Rhode Island’s Water Quality Regulations (1997).
Greenwich Bay, its coves, and tributaries are composed of five different water quality classifications.
Table 1.1 lists the water quality classifications of the waterbodies shown in Figure 1.1.

Designated Uses

Class A and Class B waters are designated for primary and secondary contact recreation and fish and
wildlife habitat, and shall have good aesthetic value.

Class SA waters are designated for shellfish harvesting for direct human consumption, primary and
secondary contact recreation, and fish and wildlife habitat, and shall have good aesthetic value.

Class SB waters are designated for primary and secondary contact recreation, fish and wildlife habitat,
and shellfish harvesting for controlled relay and depuration, and shall have good aesthetic value.

Class SB1 waters are designated for primary and secondary contact recreation and fish and wildlife
habitat, and shall have good aesthetic value. Primary contact recreational activities may be impacted due
to pathogens from approved wastewater discharges. All Class SB criteria must be met.

Numeric Water Quality Criteria

Class A fecal coliform concentrations are not to exceed a geometric mean value of 20 and not more than
10% of the samples shall exceed a value of 200.

Class B fecal coliform concentrations are not to exceed a geometric mean value of 200 and not more
than 20% of the samples shall exceed a value of 500. This is the swimming standard for freshwater.

Class SA fecal coliform concentrations are not to exceed a geometric mean MPN value of 14 and not
more than 10% of the samples shall exceed an MPN value of 49 for a 3-tube decimal dilution.
Compliance with these criteria shall be evaluated for Approved Status Classification in accordance with
Rhode Island’s FDA approved Shellfish Growing Area Monitoring Program.

Class SB/SBI fecal coliform concentrations are not to exceed a geometric mean MPN value of 50 and
not more than 10% of the samples shall exceed an MPN value of 500. This is the swimming standard
for marine waters.
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Table 1.2 Bacteria Water Quality Standards and Applicable Waterbodies (RIDEM, 1997).

Classification

Water Quality Standards

Applicable Waterbodies

Class SA

Not to exceed a geometric mean MPN value of
14 and not more than 10% of the samples shall
exceed an MPN value of 49 for a 3-tube
decimal dilution.

Greenwich Bay proper, Brush Neck Cove,
Buttonwoods Cove, Warwick Cove

Class SB/SB1

Not to exceed a geometric mean MPN value of
50 and not more than 10% of the samples shall
exceed an MPN value of 500.

Apponaug Cove, Greenwich Cove, Warwick Cove

and not more than 20% of the samples shall
exceed a value of 500.

Class A Not to exceed a geometric mean value of 20 Baker Creek, Tuscatucket Brook, Southern Creek
and not more than 10% of the samples shall (Carpenter Brook), Unnamed Brook —
exceed a value of 200. Buttonwoods Cove

Class B Not to exceed a geometric mean value of 200 Hardig Brook, Mill Brook, Gorton Pond and

Tributary, Cedar Brook, Dark Entry Brook,
Greenwood Creek, Maskerchugg River, Fosters
Brook, Oakside Street Brook, Pequot Street Brook

Other Applicable Standards

The closure of shellfish areas to harvesting is not solely based on the ambient water quality data. In
accordance with the National Shellfish Sanitation Program (NSSP), a shellfish growing area shall be

classified as Prohibited if no current sanitary survey has been performed or if a sanitary survey or other
monitoring program data indicates that fecal material may reach the area in excessive concentrations. If
it has been determined that there is a good potential for harvested shellfish to be contaminated due to the
nature of an upland source, then a growing a growing area is closed (NSSP, 1997).

Antidegradation Policy

Rhode Island’s antidegradation policy requires that, at a minimum, the water quality necessary to
support existing uses be maintained (see Rule 18, Tier 1 of the State of Rhode Island’s Water Quality
Regulations). If water quality for a particular parameter is of a higher level than necessary to support an
existing use (i.e. bacterial levels are below Class A standards), that improved level of quality should be
maintained and protected (see Rule 18, Tier 2 in the State of Rhode Island’s Water Quality Regulations).
Tier 2 does not apply to Greenwich Bay because fecal coliform concentrations are greater than the water
quality standards.

Numeric Water Quality Targets

The numeric water quality targets are set at the applicable water quality criteria or standard for each
segment of Greenwich Bay, its coves, and its tributaries. In some areas, a waterbody segment with
higher allowable fecal coliform bacteria limits discharges to a waterbody with more stringent criteria. In
these places, the numeric water quality target must be set to the more strict criteria of the two standards
at the point of discharge. These targets incorporate an implicit margin of safety (MOS) through
conservative assumptions that ensure that the water quality standards are met.

The numeric water quality targets are set to the fecal coliform concentrations necessary to restore the
designated uses to Greenwich Bay. For example, targets are set to what is necessary to reopen the
shellfish waters during all weather conditions, in accordance with Rhode Island’s Shellfish Program
approved by the United States Food and Drug Administration (FDA). Targets are also set to the
standards needed to keep the beaches open.

02/02/04
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2.0 DESCRIPTION OF THE STUDY AREA

The waters of Greenwich Bay are home to three licensed bathing beaches, Goddard Park, Oakland
Beach, and City Park, and over 4000 boats moored or docked primarily at marinas in three coves -
Apponaug, Greenwich, and Warwick (Ganz, 2003). During the winter months when inclement weather
makes harvesting shellfish more difficult in Narragansett Bay, local commercial shellfisherman rely on
the Greenwich Bay shellfish resource to supplement their annual harvest.

The Greenwich Bay watershed includes parts of the City of Warwick and the Towns of East Greenwich
and West Warwick in central Rhode Island. The watershed area is about 68 square kilometers (km?) and
can be characterized as urban/residential, with high to medium density residential land-use covering
almost one-third of the total land area (RIGIS, 1999). The surface area of Greenwich Bay proper and its
five coves is about 13 km?,

2.1 Greenwich Bay Sub-Watersheds

The Class SA waters of Greenwich Bay proper extend from Chepiwanoxet Point on the western
Greenwich Bay shoreline to a line that run between Warwick Point in Warwick Neck to Sandy Point in
Potowomut along Narragansett Bay. Figure 2.1 shows the Greenwich Bay watershed divided into seven
sub-watersheds. Characteristics and land uses within these sub-watersheds vary. Table 2.1 describes
the land uses within both the entire Greenwich Bay watershed and the seven sub-watersheds. Land use
is given both by total area in km? and by percentage. The surface area of Greenwich Bay and coves is
not included. The sections following Table 2.1 detail land use, tributary streams, and other information
about these sub-watersheds.
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Figure 2.1 Greenwich Bay Sub-watersheds.
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Table 2.1 Greenwich Bay and Sub-watershed Land Use by Area (km?®) and Percentage (RIGIS, 1999).

Greenwich Potowomut Greenwich | Apponaug | Northern BNC Warwick | Warwick
Bay' Cove Cove Shore BWC? Cove Neck
Medium to High 17.0 0.4 2.3 6.5 1.2 4.8 1.7 NA
Density Residential] 30.9 % 26.9 % 122 % 335% 57.4 % 61.2 % 44.0 %

Low to Medium 8.4 0 4.8 2.2 0 0.10 0.7 0.6
Density Residential] 15.3 % <1 % 255% 11.4 % 0.7 % 1.2 % 18.3 % 429 %
Commercial and 6.6 NA 1.9 34 0 0.9 0.3 0.2

Industrial] 12.0 % 10.2 % 17.7% 2.0 % 11.2% 7.7 % 11.0 %
Roads, Airports, 2.9 1.2 1.0 0.6
Utilities, etc.| 5.2 % NA 6.6 % 5.2 % NA 7.9 % NA NA
Recreation and 3.9 0.7 1.2 0.8 0.2 0.2 0.4 0.4
Cemeteries| 7.2% 413 % 6.4 % 4.0 % 11.1 % 2.9 % 11.4 % 272 %
Asriculture 1.1 0 0.3 4.9 3.2 0.1 0 0
gricuttu 1.9 % 0.1 % 1.8 % 2.5% 8.2 % 0.6 % <1% 0.7 %
Forests 10.1 0.4 4.9 3.2 0.2 0.9 0.3 0.1
18.4 % 26.0 % 26.1 % 16.7 % 10.7 % 11.7 % 8.4 % 8.7 %
Water, Wetlands, 49 0.1 2.1 1.7 0.2 03 0.4 0.1
Sandy Areas| 9.0 % 5.7 % 11.2% 8.9 % 9.9% 33% 10.2 % 9.4 %
Total Area (km”)| 54.8km’ | 1.6km> | 17.7km*> | 17.5km* | 2.1 km? 7.9 km? 3.8 km? 1.4 km?

'Entire Greenwich Bay watershed, excluding the surface area of the Bay and Coves.
*Brush Neck Cove and Buttonwoods Cove

Potowomut

The Potowomut sub-watershed covers an area of 1.6 km? along the southern shoreline of Greenwich Bay
as shown in Figure 2.1. It extends from Greenwich Cove to Sandy Point, the boundary between
Greenwich Bay and Narragansett Bay. There are few freshwater sources that drain from the Potowomut
area to Greenwich Bay. Goddard Park comprises about half of the Potowomut sub-watershed, from the
mouth of Greenwich Cove to Sally Rock.

Goddard Park is a state-owned park that contains a beach, golf course, and forested land. Land use in
the remainder of the Potowomut sub-watershed from Sally Rock to Sandy Point is high to medium
density residential (RIGIS, 1999). Sewers are not available and are not planned for this area.

Greenwich Cove

Greenwich Cove empties into the southeastern corner of Greenwich Bay proper. As shown in Figure
2.1, the Greenwich Cove sub-watershed includes all land that drains south of Chepiwanoxet Point. The
cove has a surface area of 1.1 km? (FDA, 1993) and a total watershed area of 17.7 km”. The Greenwich
Cove sub-watershed includes land from East Greenwich and Warwick as shown in Figure 1.1 and Figure
2.1. Goddard Park is located along the undeveloped Warwick shoreline. The East Greenwich Shoreline
is developed and contains the East Greenwich Wastewater Treatment Facility. This secondary treatment
plant discharges treated effluent at a point midway between the two shorelines. The Maskerchugg
River, the second largest freshwater tributary to Greenwich Bay, discharges to the head of Greenwich
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Cove. Its headwaters extend west of Interstate 95 (I-95) in East Greenwich and into the Cowesett
section of Warwick. Greenwich Cove contains major mooring and docking space for boats in Greenwich
Bay along the East Greenwich shoreline.

A variety of land uses occur throughout the Greenwich Cove watershed. The portion of Goddard Park
along the eastern shoreline of Greenwich Cove includes both forested land and a golf course. On the
western shoreline of the cove, US Route 1 (US-1), also known as Main Street, and train tracks run
parallel to Greenwich Cove. Commercial properties line this two-lane road. This commercial area is
surrounded by high to medium density residential development. A steep hill runs from Main Street down
to the Cove. Extending to the west of Main Street, the Maskerchugg River watershed consists of
medium to low residential development in both East Greenwich and Warwick. 1-95 is located in the
upper reaches of this sub-watershed. Land use west of [-95 includes forested area and power lines
(RIGIS, 1999). Though sewers are available along US-1, they are not available for the majority of this
sub-watershed.

Apponaug Cove

Apponaug Cove is located in northeastern Greenwich Bay. As shown in Figure 2.1, the Apponaug Cove
sub-watershed includes all land that drains north of Chepiwanoxet Point. The Cove has a surface area of
0.48 km” (FDA, 1993) and a total watershed area of 17.5 km”. Hardig Brook is the largest freshwater
tributary in the Greenwich Bay watershed. Its headwaters are located in Warwick north of Route 117
between a farm and golf course. Hardig Brook travels along Route 117 before it reaches the head of
Apponaug Cove. Before reaching the Cove, Hardig Brook merges with Mill Brook and Gorton Pond
Tributary. Another tributary, Greenwood Creek, flows into the cove east of Hardig Brook. Apponaug
Cove contains significant mooring and docking space for boats in Greenwich Bay.

High to medium density residential development accounts for just over one-third of the land use in the
Apponaug Cove sub-watershed. An additional eighteen percent of the land is used for commercial and
industrial uses, mainly along high-traffic roads, such as Route 2 and Route 117. US-1 runs parallel to
the western shoreline of Apponaug Cove. Land uses in the area directly surrounding US-1 include
commercial, industrial, and high density residential. Much of the high density residential development
is condominiums and apartments located on Greenwich Bay. Sewers are planned for the condominiums
and apartments along US-1. Isolated pockets of forested land are present throughout the sub-watershed
and along I-95 (RIGIS, 1999).

Northern Shoreline

The Greenwich Bay northern shoreline extends from Apponaug Cove to the combined opening of Brush
Neck Cove and Buttonwoods Cove. Located in Warwick, the northern shoreline sub-watershed is 2.1
km? in size. Baker Creek, in the Nausauket area of Warwick discharges along the northern shoreline.
Baker Creek is mostly tidal and surrounded by wetlands. Other freshwater sources are small and have
never been sampled extensively. Most houses in this area have sewers available, though there are still
some areas where sewer lines have yet to be installed.

High to medium density residential development accounts for the majority of the land uses in this area.
Other land uses include forested land, the wetlands surrounding Baker Creek, and the open space of the
Masonic Youth Center (RIGIS, 1999).

02/02/04 Page 8
TMDL 02.02.04 Public Comment.doc



DRAFT REPORT FOR PUBLIC COMMENT

Brush Neck Cove and Buttonwoods Cove

Brush Neck Cove and Buttonwoods Cove are located in the northern Greenwich Bay, directly east of
Warwick Cove. Brush Neck Cove has a surface area 0.35 kmz, while Buttonwoods Cove covers 0.22
km? (FDA, 1993). Both coves are shallow, with low tide depths of approximately one to four feet.

The area of the sub-watershed for both coves is 7.9 km®. The two coves merge at City Park before
entering Greenwich Bay. Oakland Beach abuts Brush Neck Cove on its eastern edge. Two freshwater
streams discharge to the head of Brush Neck Cove. Tuscatucket Brook rises at TF Green Airport and
flows to the southeast to the head of Brush Neck Cove south of Route 117. Southern Creek, also known
as Carpenter Brook, rises near the intersection of Route 117 and Buttonwoods Road west of Tuscatucket
Brook. The Creek flows southeast to the head of Brush Neck Cove. An unnamed stream discharges to
the head of Buttonwoods Cove. This stream is dry during the summer months.

Land use in over half of the sub-watershed is high to medium density residential. This high to medium
density residential land use can be found throughout the watershed (RIGIS, 1999). Part of TF Green
Airport is located in the northern reaches of the watershed, furthest away from Brush Neck Cove. City
Park is located along the western edge of Brush Neck Cove and the northern edge of Buttonwoods Cove
at the intersection of Brush Neck and Buttonwoods Cove. Sewer construction and tie-ins are ongoing in
the area.

Warwick Cove

Warwick Cove is located at the northeastern corner of Greenwich Bay proper. The Cove has a surface
area of 0.48 km? (FDA, 1993) and a total watershed area of 3.8 km”. The Cove is separated from the
western edge of upper Narragansett Bay by a neck of land, approximately 2.5 kilometers wide, known as
Warwick Neck. Oakland Beach abuts the western edge of the mouth Warwick Cove. Two freshwater
streams discharge into the northeastern reaches of Warwick Cove. Fosters Brook rises south of the
Seaview Country Club. The brook runs through the Country Club and makes its way north to Warwick
Cove in the vicinity of Meadow View Avenue. The Oakside Street Brook discharges north of Fosters
Brook near Warwick Neck Avenue. Another small stream discharges to the upper-western reaches of
Warwick Cove in the vicinity of Peqout Street. Warwick Cove contains major mooring and docking
space for boats in Greenwich Bay. The cove has a dredged channel with reported depths of 6 feet
extending to the upper cove at mean low tide.

High to medium density residential land use can be found in almost half of the Warwick Cove sub-
watershed, primarily in the western and northern areas. Land uses in the southeastern half include low to
medium density residential and a golf course on Warwick Neck near Fosters Brook. Some forested area
exists near the headwaters of the Oakside Street Brook in Warwick Cove, though the stream’s watershed
is predominately high to medium density residential development (RIGIS, 1999). Sewers are available
in Oakland Beach, the eastern half of the watershed.

Warwick Neck
The Warwick Neck sub-watershed is 1.44 km? in size. The shoreline of Warwick Neck extends from
Warwick Cove southeast until it reaches Warwick Point, the boundary between Greenwich Bay and

Narragansett Bay. Land uses on Warwick Neck are primarily medium to low density residential and golf
courses (RIGIS, 1999).
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2.2 Water Quality History in Greenwich Bay

Prior to 1992, harvesting shellfish from Greenwich Bay was approved, allowed regardless of
precipitation with some resource management restrictions. In December 1992, almost 4 inches of rain
and 3.5 inches of snow fell at TF Green Airport in Warwick, Rhode Island in three days. The heavy
precipitation resulted in sustained violations in the fecal coliform standard in Greenwich Bay. After
weeks of temporary closures, Greenwich Bay was permanently closed for shellfish harvesting on
January 5, 1993 until a reclassification study could be conducted (RIDEM, 1993).

DEM and FDA jointly conducted the Greenwich Bay reclassification study. Primary study objectives
included assessing the relative importance of pollution sources impacting bay water quality and
developing recommendations for the classification and management of the bay. The reclassification
study was conducted in the spring (April 5 to 19) and early summer (June 21 to July 2) of 1993.
Twenty-seven stations throughout Greenwich Bay were sampled during the two studies. Twenty-five
streams, tributaries, and direct storm water discharges were also sampled throughout the survey (FDA,
1993).

The reclassification study concluded that the Greenwich Bay Growing Area should be classified as
Conditionally Approved. While dry weather water quality is acceptable for the direct harvesting of
shellfish, the area is impacted following rainfall that exceeds 0.5 inches in a 24 hour period. The
minimum closure time should be 6 days; including four days for the effects of the event to pass and two
days for the shellfish to depurate. Harvesting shellfish should be halted within twelve hours following a
qualifying rain event, due to the rapid degradation of Greenwich Bay following rainfall (FDA, 1993).
Greenwich Bay was reopened as a Conditional Area on June 27, 1994 (RIDEM, 1994).

FDA identified Hardig Brook in Apponaug Cove as the largest dry and wet weather bacteria source to
the watershed. Apponaug Cove had the highest fecal coliform levels in the entire watershed during wet
weather. As estimated by the FDA report, 95% of the overall daily and 99% of the wet weather fecal
coliform inputs to Greenwich Bay came from eight sources. (FDA, 1993). These sources included
Hardig Brook, Southern Creek, and the Maskerchugg River.

The 1992 storm event and the resulting shellfish closure and reclassification study drew attention to
pollution sources within Greenwich Bay. The Greenwich Bay Initiative (GBI) was a multi-faceted
program organized in 1993 that incorporated many agencies and organizations from throughout Rhode
Island. The GBI aimed to assess the physical conditions within the watershed while evaluating the
impacts of these conditions on Greenwich Bay. The GBI also aimed to determine the approximate
location of key /ot spots or areas of concern that contributed most to the watershed’s pollutant loading.

Researchers from the University of Rhode Island’s Department of Civil and Environmental Engineering
(URI-CVE) studied pollutant sources identified by the FDA report throughout the 1990s. URI-CVE
sampled seven Greenwich tributaries and several storm water discharges. URI-CVE also identified over
100 storm water discharges. Mitigation activities resulting from these studies included implementing
best management practices at a dairy farm and eliminating three raw sewage pipes at a mill complex
(DEM Complaint 94-241) (DeMelo, Viator, and Wright, 1997).
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2.3 Supporting Documentation

Recent water quality studies are presented in Table 2.2. Most studies included in the table were
generated as a result of the Greenwich Bay Initiative. These references were used to characterize
present water quality conditions and to identify water quality trends.

Table 2.2 Supporting Documentation.

Survey and Classification Considerations

Primary Organization Title Date of | Approximate
Report Date of Study
Rhode Island Department of Environment | Review: Shellfish Surface Water Monitoring Ongoing | Ongoing
Management Shellfish Surface Water Program
Monitoring Program
Rhode Island Department of Environment | Hardig Brook Watershed Final Data Report 2004 2001-2003
Management TMDL Program Bacteria Sampling 2001-2003
Rhode Island Department of Environment | Greenwich Bay Watershed Final Data Report 2002 2000-2002
Management TMDL Program Bacteria Sampling 2000-2002
Rhode Island Department of Environment | Greenwich Bay Growing Area 8 Shoreline 2001 2001
Management Shellfish Surface Water Survey, 2001 Report
Monitoring Program
Department of Civil and Environmental Baseline Monitoring Project 2000 Ongoing
Engineering, University of Rhode Island
Department of Civil and Environmental Greenwich Bay Initiative — Northern Watersheds | 1999 Spring, Fall
Engineering, University of Rhode Island | Loading Estimates to Greenwich Bay 1995
Cooperative Extension, University of Maskerchugg River Watershed — Warwick, West | 1998 Summer 1996,
Rhode Island Warwick, and East Greenwich, RI Summer 1997
Department of Civil and Environmental Characterization of Nonpoint Source Pollutant 1998 Spring, Fall
Engineering, University of Rhode Island | Sources to an Estuary under Wet Weather 1995
Conditions — Direct Stormwater Discharges
Rhode Island Department of Environment | Greenwich Bay Growing Area 8 Shoreline 2001 1998
Management Shellfish Surface Water Survey, 1998 Report
Monitoring Program
Department of Civil and Environmental Greenwich Bay Initiative — Water Quality 1997 Fall 1994,
Engineering, University of Rhode Island | Evaluation of Hardig Brook Spring 1995
Food and Drug Administration (FDA) Greenwich Bay, RI Shellfish Growing Area 1993 Spring 1993
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3.0 PRESENT CONDITION OF THE WATERBODY

The impacts of elevated bacteria concentrations in Greenwich Bay can be seen in closures of the
shellfish harvesting grounds and at the beaches. Harvesting shellfish is prohibited in Greenwich Bay for
seven days following a rain event that exceeds 0.5 inches. Dry weather closures in the Class SA areas of
Greenwich Bay include Brush Neck Cove, Buttonwoods Cove, and an area of Greenwich Bay directly
adjacent to Apponaug Cove.

The Rhode Island Department of Health (HEALTH) administers the beach program for Rhode Island.
Beach closures are common at the Greenwich Bay beaches throughout the summer. The three beaches
in Greenwich Bay were closed for a combined total of 26 days in 2000 and 59 days in 2001. As shown
in Appendix F, most beach closures occur under wet weather conditions when the shellfish grounds are
also closed.

The current water quality conditions throughout the entire Greenwich Bay watershed are detailed in the
following sections. Data collected at stations within the Bay and at the beaches are discussed in the first
section. Other sections detail current water quality conditions in freshwater tributaries to Greenwich
Bay, in sampled direct storm water discharges, from the East Greenwich Wastewater Treatment Facility,
and from other sources, including wildlife and boats.

3.1 Instream Water Quality — Greenwich Bay and Coves

Shellfish Stations

The Shellfish Growing Area Water Quality Monitoring Program is part of the State of Rhode Island’s
agreement with the FDA NSSP. NSSP requires Rhode Island to conduct routine bacteriological
monitoring and conduct shoreline surveys of the State’s waters where shellfish is intended for direct
human consumption. With the exceptions of Brush Neck Cove, Buttonwoods Cove, and the area of
Greenwich Bay adjacent to Apponaug Cove extending past Baker Creek, the Class SA waters of
Greenwich Bay and its coves are Conditionally Approved for the direct harvesting of shellfish. Figure
3.1 shows the shellfish harvesting closure lines for May 2002 to May 2003. Data collected between
October 2000 and December 2001 were used to set the closures lines for this time period. In the
Greenwich Bay Conditional Area, harvesting shellfish is prohibited for seven days directly following
rain and/or snowmelt of 0.5 inches or more in a twenty-four hour period.

The Rhode Island Shellfish Program samples Greenwich Bay monthly when the Greenwich Bay
Conditional Area is open. The FDA has approved the locations of the nineteen Greenwich Bay
monitoring stations as representative of all the waters of Greenwich Bay. Figure 3.1 shows the shellfish
stations. Twelve stations are in Class SA waters, with four of these stations in waters that are presently
closed to shellfish harvesting. Seven stations are located in Class SB/SB1 waters. Sampling by the
Shellfish Program in waters permanently closed for shellfish harvesting may be limited. For the TMDL,
additional stations sampled by the TMDL Program in these areas were used to further localize and
characterize pollutant sources.

The twelve stations located in Class SA waters will be used in this TMDL to set the percent reductions
needed to attain compliance with the water quality standards for harvesting shellfish. Dry weather
conditions are characterized by fifteen surveys taken by the RI Shellfish Program between October 2000
and December 2001. Samples taken by the R TMDL and Shellfish Programs six times immediately
following three storm events are used to define the wet weather condition. Before Greenwich Bay is
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permitted to remain open after wet weather events, these twelve shellfish stations must meet the Class
SA water quality standards. Appendix A includes the dry and wet weather shellfish station data.

Table 3.1 summarizes water quality data for Greenwich Bay and its coves based on data from Appendix
A. Numbers shown in bold in Table 3.1 exceed the applicable criterion. In dry weather, all stations
meet the geometric mean criterion, and five stations exceed the 90" percentile standard. In 2002, the
shellfish areas surrounding these stations, Buttonwoods Cove, Brush Neck Cove, and the area outside of
Apponaug Cove were closed in dry weather. In Greenwich Bay, only Station GAS8-17 meets both parts
of the water quality standard following rain events. This station is located in the outer Bay, near
Narragansett Bay. With the exception of one station in Greenwich Cove, bacteria concentrations at all
other stations exceed the 90" percentile criterion. Most stations also exceed the geometric mean

standard in wet weather.
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Figure 3.1 Greenwich Bay Shellfish Stations, Segments, and Closure Lines.
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Table 3.1 Greenwich Bay Water Quality.'

Number Geometric Mean 90" Percentile
of (fc/100 ml) (fc/100 ml)
Samples Observed Observed
Station Location Dry | Wet | Target| Dry Wet | Target| Dry Wet
1 . 15 3 9 58 73 169
SB1 50 500
2 Grece;lxwh 15| 6 9 202 43 | 930
3 SB* | 15 | 6 14 3 49 49 8 680
4 Inner Bay 15 6 3 16 7 210
SA 14 49
5 South 15 6 4 34 9 330
6 Inner Bay 15 6 8 33 93 230
A 14 4
7 North S 15 5 8 71 ? 65 430
8 Apponaug | SB' | 15 | 6 14 9 97 49 73 2615
10 Cove SB 15 6 50 22 423 500 93 12650
12 . 15 6 4 17 9 387
Mid B A 14 4
13 idBay | SA o ¢ 4 10 ? 17 | 127
15 Outer 15 6 3 25 4 162
17 Greenwich SA 15 6 14 3 4 49 19 26
18 Bay 15 6 4 11 20 137
21 SA 15 6 14 5 57 49 19 535
22 |Warwick Cove| SB? | 15 6 14 12 148 49 43 1615
23 SB 15 3 50 11 373 500 62 3496
25 | Buttonwoods | g f 45 | s 14 8 116 | 49 93 354
Cove
26 | BrushNeck 1 gp fys | 6 | 14 | 14 | 228 | 40 | 73 | 8758
Cove

'Dry weather samples were taken between October 2000 and December 2001. Wet weather samples were taken following
storm events in 2001 and 2002.
*These stations are on or close to the Class SA line and must meet Class SA standards.

Beach Stations

Water samples are collected for bacteria analysis at three licensed beaches along Greenwich Bay in a
program administered by HEALTH during the bathing beach season. Sampling generally occurs
between Memorial Day and Labor Day. Data for the 2000 and 2001 season are summarized in Table
3.2. To complete Table 3.2, DEM separated the HEALTH Beach data into dry and wet weather
categories. Wet weather samples consisted of all samples taken when the Greenwich Bay shellfish areas
were closed, within seven days of 0.5 inches of rain. In 2000, samples were analyzed using the MPN
test, while in 2001 samples were analyzed using the A-1 test. Goddard Park is sampled four times per
week while Oakland Beach and City Park are sampled three times per week. There are no violations of
the swimming standard when data is analyzed over a seasonal basis. Closures occur because they are
based on evaluating each individual sample result, the water quality history at the sampled location, and
other environmental conditions.
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Table 3.2 Beach Water Quality.

Number Geometric Mean 90™ Percentile
of (fc/100 ml) (fc/100 ml)

Samples Observed Observed
Station Location Dry | Wet | Target| Dry Wet | Target| Dry Wet
East Goddard s 65 | 43 25 22 288 212
Center' Park SA 41 23 50 22 37 500 202 300
West 64 | 43 45 45 492 488
East Oakland s 33 | 23 34 44 460 240
Middle® Beach SA 23 19 50 34 42 500 232 440
West 33 | 20 17 31 262 155
City Park SA* | 35 | 22 50 28 29 500 444 240

"The Goddard Park Center Station was only sampled in 2001.
The Oakland Beach Middle Station was only sampled in 2000.
*Though the beaches are located in Class SA waters; their water quality target is set to the swimming standard.

3.2 Pollution Sources

Every twelve years, the DEM Shellfish Program conducts shoreline surveys to identify and quantify all
actual and potential pollution sources which may directly or indirectly affect a growing area and, as a
result, render shellfish harvested from that area as unsafe for human consumption. DEM documents any
evidence of human waste contamination and takes samples from all creeks, streams, ground water seeps,
and discharging pipes and/or culverts. An annual analysis of the data is used to determine whether water
quality within the growing area meets water quality standards and complies with NSSP requirements.
Every three years, NSSP requires that any actual sources be revisited. The most recent Greenwich Bay
shoreline surveys were conducted in 1991, 1998, and 2001. Data from these surveys have been used in
this report to identify potential and actual bacteria sources to Greenwich Bay.

The 1993 FDA Reclassification Study identified the major tributary and direct storm water bacteria
sources to Greenwich Bay. Each source was sampled directly upstream of its discharge point to
Greenwich Bay or its coves. No upstream sampling of the Greenwich Bay tributaries was completed as
part of the study. Following the FDA study, URI-CVE conducted three studies examining bacteria
sources to Greenwich Bay. Two studies focused on sampling tributaries. In the third study, URI-CVE
sampled twenty storm water discharges. This Direct Storm Water Study identified the locations of over
100 direct storm water discharges to the watershed.

Other organizations that have sampled the Greenwich Bay sources include the DEM TMDL Program
and University of Rhode Island’s Watershed Watch volunteers. All collected data has been analyzed and
used to evaluate water quality conditions in the Greenwich Bay watershed and to aid in source
identification and prioritization for abatement, as discussed in the following section and in the
Implementation Section of this report.

Tributary Streams

URI-CVE conducted extensive sampling of the Greenwich Bay tributaries in both the Hardig Brook
Study and the Northern Watersheds Study. In addition, URI-CVE sampled two streams extensively in
wet weather as part of its Direct Storm Water Discharges Study. For the most part, DEM used the URI-
CVE data to characterize water quality conditions in the Greenwich Bay tributaries.
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Hardig Brook, the largest freshwater source to Greenwich Bay, enters Apponaug Cove after merging
with two other streams just upstream of its point of discharge to Apponaug Cove. Gorton Pond Tributary
discharges into Hardig Brook at Route 117, while Mill Brook enters just upstream of Route 1. Hardig
Brook and Gorton Pond Tributary were sampled as part of the Hardig Brook Study. This study
identified direct sewage pipes to the Gorton Pond Tributary and a farm in the Hardig Brook headwaters
as significant bacteria sources (DeMelo, Viator, and Wright, 1997). With the removal of the sewage
pipes and the end of farming practices at the farm, DEM decided that further sampling was needed to
characterize the current water quality condition in these two streams.

DEM completed its sampling of Hardig Brook in late 2003. Results are included in Table 3.3. Dry
weather geometric mean concentrations and bacteria loads have dropped in half at station HBO1, the first
regularly sampled station downstream of the farm. Wet weather concentrations at HBO1 also appear to
be lower. Even with these improvements, bacteria concentrations in the Hardig Brook headwaters
remain among the highest in the watershed in both dry and wet weather (Table 3.3). The DEM study
also confirmed the elimination of the sewage pipes along Gorton Pond Tributary. Dry weather bacteria
concentrations were significantly reduced, resulting in a 94% reduction in bacteria loads to Apponaug
Cove between 1995 and 2003. Gorton Pond Tributary occasionally exhibits elevated bacteria
concentrations, most likely due to wildlife. With the exception of some reduction in Gorton Pond
Tributary, Hardig Brook wet weather bacteria concentrations in the vicinity of Apponaug Cove showed
no improvement since the Hardig Brook Study. This reflects the lack of any significant mitigation
activities in this area to address wet weather bacteria sources (RIDEM, 2004). The information
presented in Table 3.3 does not include any URI-CVE data where mitigation activities would have
changed the water quality.

URI-CVE sampled Greenwood Creek, Mill Brook, Tuscatucket Brook, Southern Creek, and Baker
Creek during its Northern Watershed Study. Southern Creek was found to contribute the highest
observed fecal coliform load during the Northern Watershed Study. Its fecal coliform load was greater
than the summed loads from Hardig Brook and Gorton Pond Tributary, each of which has a higher
discharge. After examining their results for Tuscatucket Brook, also in Brush Neck Cove, URI-CVE
hypothesized that there may be a fecal coliform source between stations TBO1/TBO1A and TB02, shown
in Figure 3.2 (Wright and Viator, 1999).

Prior to the URI-CVE study of Southern Creek and Tuscatucket Brook, the DEM Groundwater and
ISDS Section conducted a single dry weather sampling survey on these streams. This sampling
demonstrated the localized impacts of a failing septic system in the vicinity of Southern Creek. A failing
septic system at a 126-unit condominium complex resulted in bacteria concentrations of 3000 fc/100 ml.
Three hundred meters downstream, concentrations dropped to under 9 fc/100 ml (O’Rourke, 1995).
Data from this survey was not used in TMDL calculation given the availability of more recent data in
1994, 1995, and 2000. The more recent sampling data did not show elevated dry weather concentrations
in Southern Creek.

Baker Creek is located in the Nausauket area of Warwick east of Apponaug Cove. Though five of six
dry weather samples collected by URI-CVE met standards, the sixth sample was sufficiently elevated to
indicate an impairment. All stations sampled as part of the Northern Watersheds study follow the same
trend as stations in Greenwich Bay. For the most part, dry weather criteria are met, while wet weather
criteria are exceeded (Wright and Viator, 1999).
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The University of Rhode Island’s Watershed Watch Program organized volunteers to sample the
Maskerchugg River in 1996 and 1997. Volunteers collected about six samples from eleven locations
over the two-year study (Herron et. al., 1998b). Additionally, URI-CVE samples the Maskerchugg
River at US-1 four times per year as part of a Baseline Monitoring Program throughout Rhode Island
(Wright, 2000). Water quality data shown in Table 3.3 shows some violations in water quality standards
in the Maskerchugg River.

Table 3.3 summarizes the water quality data from the Greenwich Bay tributaries. Numbers shown in
bold in Table 3.3 exceed the applicable criterion. Table 3.3 includes a column that gives information
concerning which Studies were used to quantify current water quality conditions. In general, all
available data collected since the 1993 FDA study were used when characterizing current water quality
conditions. Exceptions were in Hardig Brook and station GP03 in Gorton Pond Tributary. At these
stations, mitigation activities since the URI-CVE study have resulted in changes in water quality
conditions, making the URI-CVE data obsolete. Appendix B lists all the data used in this table. Water
quality stations are shown in Figure 3.2.
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Table 3.3 Tributary Water Quality

Number Geometric Mean 90" Percentile

Water | Study / Data of (fc/100 ml) (fc/100 ml)

Quality used for Samples Observed Observed
Station Location Class | Assessment' | Dry | Wet | Target | Dry | Wet | Target| Dry | Wet
Apponaug Cove
HB0O |Hardig Brook B |HB-D 7 0 200 458 NA | 500* | 1290 | NA
HBO1 |Hardig Brook B |GB, HB-D 13 | 14 | 200 400 | 6859 | 500 | 748* |22700°
HB02 |Hardig Brook B |GB, HB-D 12 | 12 | 200 418 | 6436 | 500" | 884" |16800"
HB03 |Hardig Brook B |HB-D 11| 12 | 200 344 | 7706 | 500" | 540° |15700°
HB04 |Hardig Brook Tributary| B |HB-D 6 | 12 | 200 114 | 3165 | 500" | 1100 | 10460
HBO05 |Hardig Brook B |HB-D 12 | 11 | 200 161 | 2835 | 500" | 360 |14000°
HB06 |Hardig Brook B |GB,HB-D 14 | 14 | 200 109 | 5019 | 500* | 220 |14000°
HBO06A |Hardig Brook B |HB-D 4 3 200 163 | 7882 | 500* | 246 |12840°
HBO06B |Hardig Brook B |HB-D 12 | 12 | 200 82 | 5742 | 500" | 156* |11000°
HB06C |Hardig Brook B |HB-D 12 | 12 | 200 116 | 6117 | 500* | 190* |11800*
HB07 |Hardig Brook B |GB,HB-D 18 | 21 50 120 | 4225 | 500 389 | 12000
HBO08 |Hardig Brook B |GB, HB-D 6 7 50 291 | 3796 | 500 647 | 13460
GPOl  |Gorton Pond Tributary | B |HB, HB-D 8 | 17 | 200 135 465 | 500* | 194 | 1000°
GP02 |Gorton Pond Tributary | B |HB, HB-D 12 | 28 | 200 16 320 | 500" | 40' | 4080°
GP03  |Gorton Pond Tributary B’ |GB,HB-D 16 | 17 50 210 3780 500 705 | 10480
MBO1 |Mill Brook B |NW,GB 8 | 30 | 200 177 | 3993 | 500* | 542* |10000*
MBO02 |Mill Brook B |[NW 8 | 28 | 200 18 655 | s00* | 91* | 5720*
MBO03 |Mill Brook B |[NW 8 | 28 | 200 16 1787 | s00* | 42* |10600*
MB04 |Mill Brook B’ |NW,GB,HB-D| 25 | 48 50 158 | 1952 | 500 550 | 19600
GCO01 |Greenwood Creek B’ |NW 8 30 50 7 1138 500 126 20600
GC02 |Greenwood Creek B’ NW, GB 7 8 50 6 360 500 188 2400
Northern Shoreline
BC03 |[Baker Creek A? |Nw,s98,s01 | 7 | 10 14 | 44 | 607 49 | 1432 | 3090
Brush Neck Cove
SC01 |Southern Creek A |NW 8 | 28 20 3 1875 | 200 166 | 25000
SCO02 |Southern Creek A |INW,GB 8 30 20 2 876 200 148 17100
SC03 |Southern Creek A’ |NW, GB 10 | 30 14 11 1928 49 471 | 19200
TBO1 |Tuscatucket Brook A |NW 8 | 28 20 9 157 200 41 6240
TBO1A |Tuscatucket Brook A |NW 8 | 28 20 6 723 200 87 4860
TB04 |Tuscatucket Brook A |GB 2 20 1406 | 200 3472
TB02 |Tuscatucket Brook A’ |NW, GB 10 | 30 14 19 1881 49 84 | 14200
TBO03 |Tuscatucket Brook A? INW 7 8 14 39 448 49 257 1470
Greenwich Cove
WWO08 [Maskerchugg River B [ww 4 3 200 8 44 500" | 24* | 423°
WWO02 |Maskerchugg River B |[WwW 4 3 200 29 443 | 500° | s84* | 2814°
WWO04 [Maskerchugg River B |[WwW 4 2 200 104 | 362 | 500 | 163 | 1534°
MO1  |Maskerchugg River B° |WW,BL,GB | 10 | 5 50 39 336 500 176 | 1440
WWI11 |Maskerchugg River B’ |[ww 2 1 50 32 75 500 82 75
WWO07 |Saddle Brook B |ww 3 2 200 31 79 500* | 287 | 713*
WWO1 |Saddle Brook B |ww 5 3 200 95 85 500* | 424* | 8s8*
WWO09 |Dark Entry Brook B [ww 3 3 200 99 50 500" | 184* | 78°
WWO03 [Dark Entry Brook B |[wWw 3 3 200 42 270 | 500° | 65* | 1092*
WW10 |Nichols Brook B |ww 3 1 200 43 36 500* | 214* 36*
WWO05 |Nichols Brook B |ww 5 1 200 106 32 500* | 710* 324
'HB: URI-CVE Hardig Brook, NW: URI-CVE Northern Watershed, WW: URI-CE Watershed Watch, BL: URI-CVE Baseline,
S98: DEM SP98, S01: DEM SP01, GB: DEM Greenwich Bay, HB-D: DEM Hardig Brook.
These stations are on or close to the Class SA line and must meet the Class SA standard.
3These stations are on or close to the Class SB line and must meet the Class SB standard.
*Value is an 80™ percentile concentration.
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Direct Storm Water Discharge and other Sources

More than 150 storm water discharges have been identified along Greenwich Bay, its coves, and along
tributaries in Brush Neck Cove, Buttonwoods Cove, and Warwick Cove. Figure 3.3 shows all the
known outfalls in Greenwich Bay watershed. While most outfalls that discharge directly to Greenwich
Bay have been identified, storm water discharges along streams such as Hardig Brook and the
Maskerchugg River have not been identified. Appendix C lists all known direct storm water discharges
organized by sub-watershed.

LEGENTY
Finown Storin Wate Discharges
*  Other niﬂ:hura-r. e, Ppel
i Concenirated Flow Fail
o Stream
Sirocl
[ Greenwich Bay Watershed

Figure 3.3 Approximate Locations of Known Direct Storm Water Discharges.

URI-CVE sampled a limited number of direct storm water sources and two streams during its Direct
Storm Water Study. A single grab sample was taken during dry weather and between 16 and 27 samples
were taken during wet weather at twenty storm water and two stream locations throughout the
watershed. Available data for the direct storm water sources, which includes the Wright, Fanning, and
Viator (1999) study, Shellfish Program Shoreline Survey data, and TMDL data, are summarized in
Table 3.4. Stream data are included in this section because of the limited dry weather data available.
These streams will be treated as other storm water sources for remediation activities. Sample locations
are shown in Figure 3.2. Data are listed in Appendix D.
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Table 3.4 Direct Storm Water Discharge and Other Source Water Quality.

Number | Geometric Mean | 90™ Percentile’ | 80™ Percentile'
of (fc/100 ml) (fc/100 ml) (fc/100 ml)
Samples Observed Observed Observed
Station Location Dry | Wet | Dry Wet Dry | Wet Dry | Wet

[Potowomut
WKS5A |Beachwood Pond 2 23 12 560 135 24000
WK5B |Beachwood Pond 0 24 430 7890
WKS5C |Beachwood Pond 0 25 1034 8840
'WKSD  |Beachwood Pond 0 25 1532 20800
[Apponaug Cove
'WKO09 |Post Rd and Ocean Point Ave South | 1 16 1 5668 1 14000
'WK10 |Chepiwanoxet Way and Oak Grove 1 16 44 4949 44 11000
WK13  |Masthead Dr and Fred Humlak Way | 1 16 22 11894 22 21000
[Brush Neck Cove
'WK30 |Shand Avenue 2 17 4 3310 4.9 17800
'WK35 |Gordon, Hawksley, Seaview 17 1 8000 1 13000
'WK38 |Mohawk Avenue 1 17 360 35656 360 270000
Warwick Cove
'WK46  |Samuel Gorton Avenue 1 17 17 3580 17 6880
'WK47  |Oakside Street Brook 1 2 590 5683 590 15540
'WK54  |Fosters Brook 1 18 33 6105 33 13600
Warwick Neck
WK52  [Kirby Avenue 1 | 18 1 | 484 | 1 [ 3100 | |
Greenwich Cove
EGO01 East Greenwich Transfer Station 1 27 400 9665 400 23000
EG06 Division Street 1 27 19 9910 19 31600
EG07 Crompton Ave at Rocky Hollow 1 27 5 4234 5 8660
'WKO08 |Ladd Street at Norton’s Marina 1 27 4600 6444 4600 14600

'Stations that discharge to Class SA waters must meet a 90" percentile criterion while stations that discharge to Class
SB/SB1 waters must meet an 80" percentile criterion.

RIPDES (Rhode Island Pollutant Discharge Elimination System) Sources

The East Greenwich WWTF, RIPDES permit number RI0100030, discharges to Greenwich Cove. The
observed discharge and fecal coliform concentrations at the WWTF for 2000 and 2001 are listed in

Table 3.5.

Table 3.5 East Greenwich WWTF Water Quality.

Point Source Observed Observed
Discharge' Concentration'
(MGD) (fc/100 ml)
East Greenwich WWTF 1.04 4

Discharge is the average of all daily 2000-2001 flows. Concentration is the geometric mean of 299 samples from 2000-
2001.

Septic Systems

Beginning in late 1993, DEM inspected over 1500 septic systems in Warwick, East Greenwich, South
Kingstown, and Charlestown. The vast majority of the inspected systems were in the Greenwich Bay
watershed. Visual outside inspections resulted in reported violations primarily for water pooling at
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ground level and for illegal gray water or laundry discharges. At the time the report was written, 55
repairs of 171 violating systems (in areas including South Kingstown and Charlestown) had been
completed. The remaining violating systems may have been repaired after the report was completed or
in systems with illegal gray water discharges, the gray water lines may have been connected into the
existing septic system eliminating the violation. Results of the study are shown in Table 3.6. The East
Greenwich sub-area exhibited the lowest violation rate. Sewers were available to some homeowners in
East Greenwich, possibly accounting for the lower violation rate. The highest violation rates were in
Potowomut and Brush Neck Cove (O’Rourke, 1995). Although, sewers are now available in Brush
Neck Cove, sewers will not be extended into Potowomut.

Table 3.6 Septic System Violation Rates (O’Rourke, 1995).

Sub-Area Total Violations rercent
Inspections Violations
East Greenwich' 157 3 1.9 %
East of Post Road
(East Greenwich Line to Arnold’s Neck) 210 15 7.1%
Arnold’s Neck 142 10 7.9 %
Brush Neck Cove 598 97 16.2 %
Potowomut 142 26 18.3 %
TOTALS 1249 151 12.1 %

'Sewers were available in some of this area.

Other Bacteria Sources

Other bacteria sources to Greenwich Bay include waterfowl, wildlife, and domestic pets. Waterfowl are
known to gather at beaches and in the Greenwich Bay coves.

On August 18, 1998 EPA designated Rhode Island’s marine waters as a Federal No Discharge Area.
Boats with installed toilets must have an operable Coast Guard approved marine sanitation device
(MSD) designed to hold sewage for pump-out or for discharge in the ocean beyond the three mile limit.
There are ten pump-out facilities and one pump-out boat in Greenwich Bay. DEM oversees the
operation and maintenance of the pump-out infrastructure by participating in the Clean Vessel Act
(CVA) program which provides money for the construction, repair, and replacement of pump-out
facilities and by coordinating outreach and education programs.

The Narragansett Bay Commission’s (NBC) Combined Sewer Overflows (CSO) to the Providence and
Seekonk Rivers are not a wet weather source of bacteria to Greenwich Bay. Greenwich Bay sampling
data shows the lowest bacteria concentrations occur in the Greenwich Bay stations closest to
Narragansett Bay. An analysis of wet weather data collected from two shellfish stations in just outside
Greenwich Bay shows no wet weather impairment. This data can be found in Appendix E.

3.3 Natural Background Conditions

Natural background concentrations are those that would exist in the area in the absence of human-
induced sources. The natural background concentrations could not be resolved independently for this
TMDL.
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3.4 Water Quality Impairments

Consistent with the current prohibited and conditionally approved shellfish harvesting restrictions
established by Rhode Island’s Shellfish Program, data analyses for this TMDL found every segment of
Greenwich Bay and its five coves violate one or both parts of the water quality standard during wet
weather. In dry weather, variability standards are exceeded at stations in Brush Neck Cove,
Buttonwoods Cove, and Apponaug Cove. The variability violations are also seen in the Greenwich Bay
waters adjacent to Apponaug Cove. Table 3.1 shows that the highest bacteria concentrations can be
seen in the five Greenwich Bay coves and that the lowest concentrations are in the parts of Greenwich
Bay furthest from the coves. This trend of high bacteria concentrations following rain events can also be
seen in the Greenwich Bay tributary streams as shown in Table 3.3. While most tributaries meet fecal
coliform standards under dry weather conditions, wet weather bacteria concentrations far exceed the
water quality standards.
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4.0 TMDL ANALYSIS

4.1 Establishing a Numeric Water Quality Target

MOS (Margin of Safety) / Allocation for Future Growth

The MOS may be incorporated into the TMDL in two ways. One can implicitly incorporate the MOS
using conservative assumptions to develop the allocations or explicitly allocate a portion of the TMDL
as the MOS. This TMDL uses the former approach of conservative assumptions to ensure an adequate
MOS. The primary source of fecal coliform in the Greenwich Bay watershed is storm water, which
enters the Bay through culverts or channeled flows. Under the EPA’s Phase II Storm Water Program
these are considered point sources. Because bacteria loads are inherently difficult to quantify with any
certainty, this TMDL uses the following assumptions:

e Three out of six wet weather samples were taken directly after a rain event of greater than 3 inches.

e The Greenwich Bay watershed is developed and any future growth will be limited.

e In this TMDL, wet weather conditions occur in Greenwich Bay for seven days following a rain
event. According to FDA (1993), elevated bacteria concentrations occur for four days following a
wet weather event. The remaining days allow for depuration of shellfish.

e In some areas, a waterbody segment with higher allowable fecal coliform bacteria limits discharges
to a waterbody with more stringent criteria. In these places, the numeric water quality target is set to
the more strict criteria of the two standards at the point of discharge.

Critical Conditions / Seasonal Variations

Critical conditions in the Greenwich Bay watershed occur after wet weather events. High values occur
in all seasons, so seasonal variation is not an issue. This TMDL uses data from three rain events, which
adequately characterizes for wet weather conditions.

Numeric Water Quality Targets

The numeric water quality targets will be set to the applicable water quality criteria or standard for each
segment of Greenwich Bay, its coves, and its tributaries. Segment boundaries for Greenwich Bay and
its coves are shown in Figure 3.1. In some areas, a waterbody segment with higher allowable limits of
fecal coliform bacteria discharges to a waterbody with more stringent criteria. In these places, the
numeric water quality target must be the more strict criteria at the station nearest the boundary with the
higher water quality standard. Targets are set such that Greenwich Bay can meet its designated uses.

4.2 Establishing the Allowable Loading (TMDL)

EPA guidelines specify that a TMDL identify the pollutant loading that a waterbody can assimilate per
unit time without violating water quality standards, with loads expressed as mass per time, toxicity, or
any other appropriate measure (40 CFR§130.2). EPA Region 1 has determined that for bacteria TMDL
plans it is appropriate to use concentration units. The loading capacity for this TMDL will be expressed
as concentration units set equal to the state water quality standard.

Extensive field surveys, water quality monitoring, and a review of aerial and topographic maps were
used to establish the link between pollutant sources and instream concentrations.
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Before determining allowable loads and percent reductions, DEM separated surface waters in the
Greenwich Bay watershed into segments. Tributary streams were divided into segments centered on
each individual station. The estuarine waters of Greenwich Bay were divided into its five coves and
four segments each with distinct water quality goals and sources. Table 4.1 lists stations grouped in each
segment. Figure 3.1 shows the location of the segments and stations for Greenwich Bay and its coves.
The reduction goal for each segment was determined by comparing current fecal coliform
concentrations to the applicable water quality target, then calculating the percent reduction required to
reach that target. Since the water quality regulations specify both geometric mean and 90" percentile
criteria, the higher percent reduction resulting from evaluation of the shellfish and beach data against
their respective water quality standards was used to set each segment’s necessary reduction. The three-
step process is outlined below.

Table 4.1 Stations within Each Greenwich Bay Segment.

Greenwich Bay Segment / Cove | Stations Used to Characterize Water Quality Conditions
Outer Bay GA8-15,17,18

Mid Bay GAS8-12, 13

Inner Bay North GAS8-6,7

Inner Bay South GA8-4,5

Buttonwoods Cove GAS8-25

Brush Neck Cove GAB-26

Apponaug Cove GAS-8, 10

Greenwich Cove GAS8-1,2,3

Warwick Cove GAS8-21, 22,23

Comparison of the weighted geometric mean to the geometric mean standard

Current bacteria conditions in Greenwich Bay waters were compared to the geometric mean by first
calculating a “weighted geometric mean” value. The “weighted geometric mean” combines the wet and
dry weather geometric means to a single value, weighted by their frequency of occurrence. When a
segment contained multiple stations, the highest dry weather and the highest wet weather value at any
station for the entire segment was selected as representative of water quality conditions for the segment.
As described above, each tributary station represented one segment.

The 1993 FDA study of Greenwich Bay found that the highest fecal coliform concentrations could occur
up to three days following a rain event in some areas of the Bay. Today, the RIDEM Shellfish Program
manages Greenwich Bay as a Conditional Area where the bay closes for seven days after a rain event or
snowmelt of at least 0.5 inches in twenty-four hours or less. To calculate the percent of wet days in a
year, RIDEM examined the conditional closure history of Greenwich Bay since 1996. On average, the
area has been closed due to wet weather events for just under half the days in a year. The “weighted
geometric mean” will therefore assume that Greenwich Bay experiences dry weather conditions for 50%
of the year and wet weather conditions for 50% of the year. Since weather conditions are evenly split
into dry and wet weather, the “weighted geometric mean” is the average of the individual dry and wet
weather geometric means.
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Comparison of the weighted 90™ percentile value to the percent exceeding standard

Current bacteria conditions in Greenwich Bay were compared to percent exceeding standard as a
“weighted 90™ percentile” value. The “weighted 90" percentile” value combines the wet and dry
weather 90" percentile values, weighted by their frequency of occurrence, in the same manner as the
“weighted geometric mean” was calculated. The 90" percentile value at each station was calculated
using the PERCENTILE function in Microsoft Excel. This value was then compared to the applicable
target to determine if a violation had occurred. Since weather conditions are evenly split into dry and
wet weather, the “weighted 90™ percentile” value is the average of the individual dry and wet weather
90™ percentile values.

4.3 Required Reductions

EPA guidance requires that load allocations be assigned to either point (wasteload) or nonpoint (load)
sources. Based upon evaluation of land use and pollution source data, two-thirds of the required
reduction is allocated to point sources and one-third is allocated to nonpoint sources. These estimates
are based on the impact of storm water on the Greenwich Bay waters. Storm water generated on
developed land is assumed to empty into systems that are regulated under the RIPDES program, whereas
storm water generated in undeveloped areas is assumed to infiltrate and is not considered a point source.
Using the information in Table 2.1, it was determined that two-thirds of the Greenwich Bay watershed is
developed.

Greenwich Bay and Coves

The required fecal coliform reductions for Greenwich Bay and its coves are presented in Table 4.2. They
are calculated from observed concentrations at instream shellfish stations. The “weighted geometric
mean” and the “weighted 90" percentile value” were calculated as described above for each Greenwich
Bay segment and cove. These values were then compared to the applicable portion of the water quality
standard. The station having the largest violation relative to the state’s fecal coliform standard was used
to calculate the percent reduction for the segment containing that station and is shown in bold in Table
4.2. The required reduction for each segment is the higher of the two reductions (“weighted geometric
mean” versus the “weighted 90" percentile value”).

For the Class SB waters of Greenwich Cove and Apponaug Cove, the water quality standard for the
station closest to the Class SA boundary was set to the Class SA standard. This generated two
additional reduction criteria goals for these coves. The final percent reduction is most protective of the
four reduction goals. The required percent reduction for Warwick Cove was determined in a way
similar to the method for Greenwich Cove and Apponaug Cove. One station in Warwick Cove is in
Class SA waters. It and the adjacent station in Class SB waters must meet the Class SA fecal coliform
standard.

Violations of bacteria standards in Greenwich Bay generally occur in wet weather conditions. Required
percent reductions are highest for Apponaug Cove, Brush Neck Cove, and Warwick Cove.
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Table 4.2 Greenwich Bay Segment Weighted Geometric Mean and 90™ Percentile Values.

Number of | Geometric Mean (fc/100 ml) 90" Percentile (fc/100 ml) Required
Samples Observed Segment Observed Segment | Percent
Station | Location Dry | Wet | Dry* | Wet? | Target| Weighted' | Dry* | Wet? | Target| Weighted' |Reduction
1 . 15 3 9 58 73 169
h | SB1 50 105.3 500 501.5

2 Gr%efxc 150 6 | 9 | 202 43 | 930 85.8

3 SB’ | 15 6 3 49 14 25.8 8 680 49 344

4 Inner Bay 15 6 3 16 7 210

5 South SA 15 6 4 34 14 19.0 9 330 49 169.5 71.1
6 Inner Bay 15 6 8 33 93 230

7 North SA 15 5 3 71 14 39.7 65 430 49 261.5 81.3
8 Apponaug | SB® | 15 6 9 97 14 53.1 73 | 2615 | 49 1344 96.4
10 Cove SB | 15 6 22 423 50 2224 93 [12650| 500 6371.5 '

12 . 15 6 4 17 9 387

13 Mid Bay SA 15 6 4 10 14 10.3 17 127 49 201.75 75.7
15 Outer 15 6 3 25 4 162

17 Greenwich | SA | 15 6 3 4 14 14.6 19 26 49 90.75 46.2
18 Bay 15 6 4 11 20 137
21 Warwick SA | 15 6 5 57 14 30.9 19 535 49 277

22 Cove SB’ | 15 6 12 148 14 80.1 43 | 1615 | 49 829 94.1
23 SB | 15 3 11 373 50 191.9 62 | 3496 | 500 1779

25 B““gg‘;ve""ds salis| s | 8 |16 14 622 | 93 | 354 | 49 | 2235 78.1
26 | Ptk iga s | 6 | 14 | 228 | 14 | 1200 | 73 | 8758 | 49 | 44155 | 089

'Using 50% wet weather and 50% dry weather.
?Bold font indicates stations used to calculate geometric mean and 90" percentile value for each segment.
3These stations are on or close to the Class SA line. They need to meet Class SA standards.

Evaluating Swimming Use

The “weighted geometric mean” and the “weighted 90" percentile value” were calculated as described
above for each beach in Greenwich Bay and compared to the applicable portion of the swimming
standard. The HEALTH Beach data was divided in dry and wet weather categories by DEM. To make
the shellfish and beach data consistent, wet weather was defined as seven days following a rain event of
more than 0.5 inches. In Table 4.3, when the 2000 and 2001 swimming data is analyzed on a seasonal
basis, there are no violations of the swimming standards, though beach closures occur every summer.
When evaluating whether to recommend a swimming advisory at a designated bathing beach area,
HEALTH evaluates concentrations over shorter periods of time. When evaluated in this manner, the data
can exceed swimming standards. DEM will make recommendations for controlling sources discharging
to each beach in the implementation section of the TMDL report.
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Table 4.3 Beach Weighted Geometric Mean and 90™ Percentile Values.

Number Geometric Mean (fc/100 ml) 90™ Percentile (fc/100 ml) Required
of Samples Observed Station Observed Station Percent
Station | Location |Dry| Wet | Dry | Wet | Target | Weighted'| Dry | Wet | Target | Weighted'| Reduction
East Goddard | 651 43 25 22 288 | 212
Center” Park 41 | 23 22 37 50 45.1 202 300 500 490 NA
West 64 | 43 45 45 492 | 488
East 33 | 23 34 44 460 | 240
Middle’ ng;i‘ﬁd 23 19| 34 42 50 39.1 232 | 440 | 500 450 NA
West © 33 | 20 | 17 31 262 | 155
CityPark {35 | 2 | 28 29 50 28.5 444 | 240 | 500 342 NA
Beach

Using 50% wet weather and 50% dry weather.
*The Goddard Park Center Station was only sampled in 2001.
The Oakland Beach Middle Station was only sampled in 2000.

Tributary Streams

Tributary reductions were calculated using the “weighted geometric mean” and the “weighted 90
percentile value” approach used at the shellfish stations and at the beaches. Dry and wet weather
geometric mean and 90" percentile values for each tributary are shown in Table 4.4. The table groups
the tributaries by their entry point to Greenwich Bay and the coves. As in Table 4.2, violations in water
quality criteria are predominately seen under wet weather conditions. Water quality targets at stations
adjacent to areas with lower required bacteria standards are set to the more protective target. For
example, Southern Creek enters Brush Neck Cove just downstream of station SC03. The water quality
goal at SCO3 was set to the more stringent Class SA standard.

Required reductions vary throughout the watershed. Tributaries, such as Hardig Brook and Southern
Creek that require the highest reductions are located in Brush Neck Cove and Apponaug Cove, while
reductions are lowest in the Maskerchugg River. This trend is reflected in Table 4.2, which shows that
the highest bacteria reductions are needed in Apponaug Cove and Brush Neck Cove. Land use densities
along the Maskerchugg River are much lower than that along Hardig Brook, Southern Creek, and
Tuscatucket Brook, which may explain the difference in required percent reductions. The Maskerchugg
River has also not been sampled as intensively as other tributaries.

It should be noted that the variability standard for Class B tributaries is an 80", not a 90™ percentile
value. Table 4.4 shows in a footnote which stations require 80™ percentile values.
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Table 4.4 Tributary Weighted Geometric Mean and 90" Percentile Values.
Number Geometric Mean (fc/100 ml) 90" Percentile (fc/100 ml) Required

of Samples | Observed Segment | Observed Segment | Percent
Station Location Dry| Wet | Dry | Wet |Target| Weighted'| Dry | Wet | Target| Weighted' |Reduction
Apponaug Cove
HB00 [Hardig Brook B| 7 0 | 458 | NA | 200 NA  |1290*| NA | 500 NA NA
HBO! [Hardig Brook B| 13 | 14 | 400 | 6859 | 200 3630 | 748* [22700%| 500 11724 96
HB02 [Hardig Brook B| 12 | 12 | 418 | 6436 | 200 3427 | 884* [16800*| 500 8842 94
HB03 [Hardig Brook B| 11 | 12 | 344 | 7706 | 200 4025 | 540* [15700%| 500 8120 95
HB04 |Hardig Brook Trib. | B| 6 | 12 | 114 |3165| 200 1640 | 1100*|10460*| 500 5780 91
HBO5 |Hardig Brook B| 12 | 11 | 161 |2835| 200 1498 | 360" [14000*| 500 7180 93
HB06 |Hardig Brook B| 14 | 14 | 109 |5019| 200 2564 | 220* [14000*| 500 7110 93
HBO6A |Hardig Brook B| 4 3 163 | 7882 | 200 4022 | 246" |12840%| 500 6543 95
HBO06B |Hardig Brook Bl 12| 12 | 8 |5742| 200 2912 156* {11000%| 500 5578 93
HBO06C |Hardig Brook Bl 12| 12 | 116 |6117| 200 3116 190* [11800%| 500 5995 94
HB07 |Hardig Brook B| 18 | 21 | 120 |4225| 50 2172 | 389° [12000°| 500 6195 98
HBOS |Hardig Brook B| 6 7 | 291 [3796| 50 2044 | 647° [13460°| 500 7053 98
GPOl |Gorton Pond Trib. |B| 8 17 | 135 | 465 | 200 261 194* | 1000* | 500 528 33
GP02 |Gorton Pond Trib. |B| 12 | 28 | 16 | 320 | 200 177 40" | 4080* | 500 2069 76
GP03 |Gorton Pond Trib. |B*| 16 | 17 | 210 | 3780 | 50 1995 | 705° [10480°| 500 5593 97
MBO1 [Mill Brook Bl 8 | 30 | 177 [3993| 200 2085 | 542% [10000*] 500 5271 9]
MBO02 [Mill Brook B| 8 | 28 | 18 | 655 | 200 336 91* | 5720* | 500 2905 83
MBO03 [Mill Brook B| 8 | 28 | 16 |1787| 200 901 42* 110600%| 500 5321 91
MBO04 [Mill Brook B*| 25 | 48 | 158 | 1952 | 50 1404 | 550° [19600°| 500 7176 95
GCO1 |Greenwood Creek |B’| 8 | 30 7 [1138] 50 573 126 [20600| 500 10363 95
GC02 |Greenwood Creek |B*| 7 8 6 | 360 | 350 183 188 | 2400 | 500 1294 73
Northern Shoreline
BC03 [Baker Creek [A?] 7 | 10 | 44 [ 607 | 14 326 | 1432]3090 | 49 2261 98
Brush Neck Cove
SCO1 [Southern Creek Al 8 | 28 3 [1875] 20 939 166 25000 200 12583 98
SC02 [Southern Creek Al 8 | 30 2 | 876 | 20 439 148 [17100| 200 8624 98
SC03  [Southern Creek Al 10 | 30 | 11 |1928]| 14 969 471 19200 49 9836 100
TBO1 |Tuscatucket Brook | A|] 8 28 9 157 20 83 41 6240 | 200 3141 94
TBO1A |Tuscatucket Brook | A] 8 28 6 723 20 365 87 | 4860 | 200 2473 95
TB04 |Tuscatucket Brook JA] O 2 NA | NA 20 703 NA | 3472 | 200 NA NA
TB02 [Tuscatucket Brook |A%| 10 | 30 | 19 |1881| 14 950 84 |14200| 49 7142 99
TBO3 [Tuscatucket Brook |A?| 7 8 39 | 448 | 14 244 257 | 1470 | 49 864 94
Greenwich Cove
WWO08 |Maskerchugg River | B| 4 3 8 | 44 | 200 26 24 | 423* | 500 223 0
WWO02 |Maskerchugg River | B| 4 3 29 | 443 | 200 236 84% | 2814*| 500 1449 65
WWO04 |Maskerchugg River | B| 4 2 | 104 | 362 | 200 233 163" | 1534*| 500 848 41
MO1 Maskerchugg River |B*| 10 5 39 | 336 50 188 581 | 1920 | 500 1101 73
WWI11 |Maskerchugg River |B*| 2 1 32 75 50 53 91 75 500 83 6
WWO07 [Saddle Brook B| 3 2 31 | 79 | 200 55 287* | 713* | 500 500.1 0.02
WWO!1 [Saddle Brook B| 5 3 95 | 85 | 200 90 424* | 858* | 500 641 22
WWO09 |Dark Entry Brook |B| 3 3 99 | 50 | 200 74 184* | 78* | 500 131 0
WWO03 |Dark Entry Brook |B| 3 3 42 | 270 | 200 156 65* | 1092* | 500 578 14
WW10 [Nichols Brook B| 3 1 43 | 36 | 200 40 214* | 36* | 500 125 0
WWO05 [Nichols Brook B| 5 1 106 | 32 | 200 69 710* | 32% | 500 371 0
'Using 50% wet weather and 50% dry weather.
*These stations are on or close to the Class SA line. They need to meet Class SA standards.
3These stations are on or close to the Class SB line. They need to meet Class SB standards.
*These values are 80™ percentile concentrations.
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RIPDES (Rhode Island Pollutant Discharge Elimination System) Sources
The allocations for the East Greenwich WWTF are the same in dry and wet weather and are set to its

current permit limit, as listed in Table 4.5. Also listed in the table is the current fecal coliform geometric

mean and the average discharge for 2000 and 2001.

Table 4.5 RIPDES Permit Limits.

Point Source Permitted Permitted Observed Observed
Discharge' Concentration’ Discharge’ Concentration’
(MGD) (fc/100 ml) (MGD) (fc/100 ml)
East Greenwich WWTF 1.7 200 1.04 4

The permitted discharge and concentration values are the average monthly limits.
*Discharge is the average of all daily 2000-2001 values. Concentration is the geometric mean of 299 2000-2001 values.

Dye dilution studies have been used to establish mixing zones and water quality- based discharge limits
for the East Greenwich WWTEF. EPA guidance (EPA, 1991) and an East Greenwich WWTF dye study
(Rines, 1997) established the size of the acute mixing zone as a circle with a radius of 11 meters
centered on the outfall. The minimum observed dilution within 11 meters of the outfall was 20:1 (i.e.
minimum of observed raw values in the top two meters of the water column at the boil). The chronic
mixing zone is a circle with a radius of 88 meters and a minimum dilution factor of 40:1. The permit
includes an average monthly fecal coliform limit of 200 MPN/100 ml, with a daily maximum and
weekly average of 400 MPN/100 ml. The elevation in fecal coliform concentrations in the receiving
waters would be 20 fc/100 ml when the plant discharges at its maximum permitted concentration.
Assuming a dry weather ambient concentration of 9 fc/100ml for the Greenwich Cove, the maximum
local concentration in the vicinity of the outfall would be 29 fc/100 ml at the WWTF where the standard
is 50 fc/100 ml. This is a conservative estimate because the observed dry weather ambient concentration
already includes any impact from the plant.

Additional dilution would occur between the boundary of the mixing zone and the Class SA portions of
Greenwich Cove, a distance of 1500 meters. Effluent from the East Greenwich WWTF is diluted to a
sufficient degree that its contribution to fecal coliform concentrations in Greenwich Bay may be
neglected. From examining the dye study data, DEM has concluded that this source has very little
impact on fecal coliform concentrations in Greenwich Cove or Greenwich Bay.

4.4 Strengths and Weaknesses in the Analytical Approach

Strengths

e The TMDL is based on extensive data and knowledge of the area;

e The TMDL incorporates the findings of several studies and utilizes data collected over several years;

e The phased approach allows an emphasis on mitigation strategies rather than on modeling and more
complex monitoring to keep the focus on mitigating sources; and

e The TMDL is based on actual data collected in the watershed.

Weaknesses

e Sources could not be measured on a mass basis due to lack of required resources and complexity of
the area.
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5.0 IMPLEMENTATION

Eliminating the bacterial impairments of Greenwich Bay and its watershed requires a reduction in both
wet and dry weather inputs. All segments of Greenwich Bay, its coves, and its tributaries violate water
quality standards after rain events. High bacteria concentrations originate from within the Greenwich
Bay watershed and can be traced from tributaries to the Greenwich Bay coves to Greenwich Bay proper.
For example, high bacteria concentrations in Hardig Brook enter Apponaug Cove, causing impairments
to both the cove and to adjacent areas of Greenwich Bay. The same trend can be seen in Brush Neck
Cove with Southern Creek and Tuscatucket Brook. The stations with the lowest bacteria concentrations
are located near the Greenwich Bay border with upper West Passage of Narragansett Bay.

In dry weather, harvesting shellfish is prohibited from Brush Neck Cove, Buttonwoods Cove, and in the
northwestern corner of Greenwich Bay, adjacent to Apponaug Cove. While not approved for the direct
harvesting of shellfish, Apponaug Cove violates its water quality standards. Bacteria concentrations at
these locations are highly variable with bacteria concentrations meeting standards on one sampling day,
but not the next. Although most beach closures occur as a result of wet weather conditions, dry weather
closures do occur at Greenwich Bay beaches during the summer. As with wet weather, the stations with
the lowest bacteria concentrations are located near the Greenwich Bay border with upper West Passage
of Narragansett Bay indicating that bacteria sources from within the watershed cause the impairments.

Recommended implementation activities for Greenwich Bay are detailed in the following sections.
Implementation activities focus on storm water and wastewater management. During wet weather, storm
water contains high bacteria concentrations that lead to violations in stream and bay water quality
standards. It is believed that lingering remnants of wet weather events may also contribute to the dry
weather problems. Achieving standards requires that both the amount of storm water and the bacteria
concentrations in that storm water reaching Greenwich Bay are reduced. Wastewater management
activities include continuing the extension of sewer lines, connecting homes to the sewer system,
adopting wastewater management ordinances in areas without sewers to ensure that septic systems are
properly maintained and operated, and ensuring that boaters fully utilize pump-out facilities. Other
recommendations include minimizing fecal contamination from domestic animals and wildlife.

5.1 Storm Water Management

Phase II — Six Minimum Measures

Effective February 25, 2003, DEM amended the existing Rhode Island Pollutant Discharge Elimination
System (RIPDES) regulations to include Phase II Storm Water regulations. On December 19, 2003, the
DEM RIPDES Program issued the General Permit for Storm Water Discharge from Small Municipal
Separate Storm Sewer Systems (MS4s) and from Industrial Activity at Eligible Facilities Operated by
Regulated Small MS4s. This General Permit gives MS4 operators within regulated areas (i.e.
designated municipalities) until March 18, 2004 to submit the Notice of Intent (NOI) and the Storm
Water Management Program Plan (SWMPP). Since the Greenwich Bay watershed is located in a
regulated area, all operators of MS4s in the watershed will need to comply with the new regulations. The
MS4s that discharge directly to Greenwich Bay and its tributaries are owned and operated by the City of
Warwick, the Towns of East Greenwich and West Warwick, and the Rhode Island Department of
Transportation (DOT).
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Operators must describe Best Management Practices (BMPs) for each of the following six minimum
control measures:

e A public education and outreach program to inform the public about the impacts of storm water on
surface water bodies,

A public involvement/participation program,

An illicit discharge detection and elimination program,

A construction site storm water runoff control program for sites disturbing 1 or more acres,

A post construction storm water runoff control program for new development and redevelopment
sites disturbing 1 or more acres, and

¢ A municipal pollution prevention/good housekeeping operation and maintenance program.

The SWMPP must include measurable goals for each control measure (narrative or numeric) that may
be used to gauge the success of the program. It must also contain an implementation schedule that
includes interim milestones, frequency of activities and reporting of results. The DEM Director can
require additional permit requirements based on the recommendations of a TMDL.

Specific Storm Water Measures

To realize water quality improvements in Greenwich Bay, both bacteria concentrations in storm water
and the volume of storm water discharged to the Bay, coves, and tributaries, must be reduced. The large
amount of impervious areas within the Greenwich Bay watershed contributes substantial increases in the
amount of water and bacteria entering the Greenwich Bay directly following rain events. As the amount
of impervious area in a watershed increases, the peak runoff rates and runoff volumes generated by a
storm increases because developed lands have lost much or all of their natural capacity to delay, store,
and infiltrate water. As a result, bacteria from birds, domestic pets, and other animals quickly wash off
during storm events and discharge into Greenwich Bay. Flow data from all of the tributaries leading to
Greenwich Bay demonstrate this trend. For example, during a 1995 storm event, flow in Southern
Creek quickly doubled after less than 0.5 inches of rain while bacteria concentrations increased by a
factor of six when compared to dry weather concentrations (Wright and Viator).

Due to the substantially large bacteria load that needs to be reduced in order to meet water quality
standards, as previously mentioned, both water quality and water quantity must be addressed. Thus,
DEM recommends the use of BMPs that reduce both bacteria loads and volumes to the maximum extent
feasible. There are many opportunities to address both water quality and water quantity and tailor
efforts to the local concerns in the SWMPP as follows:

Public Education/Public Involvement

The public education program should focus on both water quality and water quantity concerns within the
watershed. Public education material should target the particular audience being addressed. For
example, the residential community should be educated about the water quality impacts from residential
use and activities and the measures they can take to minimize and prevent these impacts. Examples
include disposing pet waste properly, discouraging large waterfowl populations by eliminating human
feeding of waterfowl and minimizing large tracts of open land for waterfowl to land and congregate (see
Section 5.3), and informing residents about disposing wastes improperly (i.e. disposing yard waste into
storm drains). Public involvement programs should actively involve the community in addressing these
concerns. Involvement activities may include posting signs informing the public not to feed waterfowl,
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stenciling storm drains with Do Not Dump labels, and designating and maintaining areas with pet waste
bags and containers.

The residential community should also be informed about water quantity impacts as a result of large
areas of impervious surfaces and what measures they can take to minimize or help offset these impacts.
Measures include the infiltration of roof runoff where feasible and landscaping choices that minimize
runoff. Some examples of landscaping measures are grading the site to minimize runoff and to promote
storm water attenuation and infiltration, reducing paved areas such as driveways, and to consider porous
driveways (cost effective options may include crushed shells or stone). Runoff can also be slowed by
buffer strips and swales that add filtering capacity through vegetation. These examples can also be
targeted to residential land developers and landscapers.

Other potential audiences include commercial property owners, land developers, and landscapers.
BMPs that minimize runoff and promote infiltration should be encouraged when redeveloping or re-
paving a site. Examples include porous pavement, infiltrating catch basins, breaking up large
tracts/areas of impervious surfaces, sloping surfaces towards vegetated areas, and incorporating buffer
strips and swales where possible.

1llicit Discharge Detection and Elimination

Wastewater management within the Greenwich Bay watershed is discussed in Section 5.2. After sewer
extension projects are completed, sewers will be available to most of the Greenwich Bay watershed.
Communities may want to target illicit discharge detection and dry weather flow sampling in areas not
slated for sewers.

Construction/Post Construction

Storm water volume reduction requirements for development and redevelopment of commercial and
industrial properties should be considered in the development of ordinances to comply with the
construction and post construction minimum measures (see General Permit Part IV.B.4.a.1 and Part
IV.B.5.a.2 respectively). As mentioned previously, examples of acceptable reduction measures include
reducing impervious surfaces, sloping impervious surfaces to drain towards vegetated areas, using
porous pavement, and installing infiltration catch basins where feasible. Other reduction measures to
consider are the establishment of buffer zones, vegetated drainage ways, cluster zoning or low impact
development, transfer of development rights, and overlay districts for sensitive areas.

Good Housekeeping/Pollution Prevention

The Storm Water General Permit (see Part IV.B.6.a.2 and Part IV.B.6.b.1) extends storm water volume
reduction requirements to operator-owned facilities and infrastructure (RIDEM, 2003a). Similarly,
municipal and state facilities could incorporate measures such as reducing impervious surfaces, sloping
impervious surfaces to drain towards vegetated areas, incorporating buffer strips and swales, using
porous pavement and infiltration catch basins where feasible. In addition, any new municipal
construction project or retrofit should incorporate BMPs that reduce storm water and promote
infiltration such as the before-mentioned measures: buffer strips, swales, vegetated drainage ways,
infiltrating catchbasins, porous roads etc.

Storm Water Priorities for Municipalities and DOT

Addressing bacteria sources throughout the watershed will take many years. Localized water quality
improvements will be seen earlier if storm water retrofit activities are concentrated at the sub-watershed
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level. While the Storm Water Phase II minimum measures apply to the entire watershed, targeted
retrofit activities should be phased in over time, focusing first in those sub-watersheds designated as
high priorities. It is recommended that preliminary design studies should evaluate means of distributing
treatment structures within the watershed in addition to end-of-pipe solutions at the water’s edge. This
concept is particularly important for areas along tributary streams, such as Hardig Brook where rain
events increase the storm water flows and bacteria loads as a result of the large amount of impervious
surfaces and there is a small amount of undeveloped land available for BMP construction. Areas
prioritized for restoration are associated with recent shellfish closures, require the highest percent
reductions in bacteria, and are described in the following sections.

Warwick

Brush Neck Cove and Apponaug Cove are identified as priority areas for the City of Warwick. Required
percent reductions for Brush Neck Cove are the highest for all of Greenwich Bay. All storm water
sources discharging to Brush Neck Cove and its two tributaries, Southern Creek and Tuscatucket Brook
have been identified and mapped. The Southern Rhode Island Conservation District (SRICD) has
mapped all drainage areas. SRICD is expected to complete construction plans for infiltration basins at
two locations, White Avenue and Boyle Street, in the Spring of 2004. Warwick applied for and received
319 Grant funds to help fund the construction of this project. Table 5.1 lists priority locations identified
by SRICD and direct storm water discharges identified by URI-CVE as large bacteria loads to
Greenwich Bay. While physical constraints at these locations may exist, they should be considered first
for BMP construction.

Table 5.1 Priority Direct Storm Water Discharges.

D Location Existing or Planned BMP Why Priority?
Greenwich Cove
EGO1 North of EG Town Dock High bacteria loads
EGO06 Division Street High bacteria loads
EGO07 Rocky Hollow Road High bacteria loads
WKO08 Norton’s Shipyard High bacteria loads
WKO09 Post Road / Ocean Point Avenue West High bacteria loads
Apponaug Cove
WK10 Chepiwanoxet Way / Oak Grove Street High bacteria loads
WK13 Masthead Drive / Fred Humlak Way High bacteria loads
Brush Neck Cove
WK29 Cottage Grove Avenue Vortechnic Installed Large drainage area
WK30 Shand Avenue Vortechnic Installed Large drainage area; High bacteria loads
WK35 Gordon and Hawskley Vortechnic Installed Large mPpervious drainage area; High
bacteria loads
WK38 Mohawk / Powhatan High bacteria loads
WKS87 West Shore Road Large impervious drainage area
SRICD114 | Burbank Drive Vortechnic Planned Impervious drainage area
SRICD116 | Burgess Drive Vortechnic Planned Impervious drainage area
SRICD121 | Burbank Drive Vortechnic Planned Impervious drainage area
SRICD123 | West Shore Road Large drainage area
SRICD127 | West Shore Road Large drainage area
SRICD128 | Weslyan Avenue Large drainage area
SRICD131 | White Avenue Infiltration Basins Designed | Large drainage area
SRICD133 | Boyle Avenue Infiltration Basins Designed | Large impervious drainage area
SRICD145 | Industrial Drive Large drainage area
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Apponaug Cove contributes to the high bacteria concentrations found in adjacent areas of Greenwich
Bay proper, and required reductions are among the highest for all of Greenwich Bay. Unlike Brush
Neck Cove, outfalls to Apponaug Cove and its tributaries have neither been identified nor prioritized for
BMP construction. While outfalls discharging directly to Apponaug Cove were identified by URI-CVE,
outfalls along Hardig Brook, Mill Brook, Gorton Pond Tributary, and Greenwood Creek have not been
identified. Warwick and DOT will be required to identify all outfalls, including channelized flows, to
these tributaries as part of their Storm Water Phase II Requirements. Warwick should also conduct a
BMP feasibility study to identify locations and technologies for installing BMPs for Hardig Brook and
the Gorton Pond Tributary. These studies should evaluate the feasibility of distributing infiltration
throughout the drainage area of significant outfalls or inflow. Any feasibility study should include
outfalls with large impervious drainage areas and the outfalls in Table 5.1. These outfalls had high
bacteria loads when sampled by URI-CVE.

Warwick should adopt storm water volume reduction requirements for development and redevelopment
of commercial and industrial properties. As stated previously, the city is required to adopt these policies
for city-owned facilities and infrastructure (Part IV.B.6.a.2 and Part IV.B.6.b.1 of the Storm Water
General Permit). Given documented bacterial elevations in the vicinity of the Apponaug mill complex,
any redevelopment of this property should address water quality concerns.

The SWMPP is required to include a schedule for implementing TMDL recommendations. Priority
should be given to activities in Brush Neck Cove and Apponaug Cove. The SWMPP must also set a
schedule for other areas not identified as priorities, areas that drain to Warwick Cove, Greenwich Cove,
Buttonwoods Cove, and the Northern Shoreline, which includes Bakers Creek. Water quality
improvements identified through ongoing water quality monitoring may result in modifications to the
schedule and/or the need for additional BMPs.

For areas that drain to Warwick Neck, Potowomut, and the Maskerchugg River, Warwick only needs
implement the Phase II six minimum measures. Available water quality data shows that either these
areas do not represent a water quality concern, or that it is reasonable to expect that the minimum
measures will protect water quality.

East Greenwich

In 2001, the Louis Berger Group developed a BMP feasibility study for the densely developed East
Greenwich shoreline along Greenwich Cove. This report identified the drainage areas of all East
Greenwich outfalls along Greenwich Cove and possible BMP selection. As a result of this report, an
East Greenwich consultant is developing a plan for upland flow attenuation for one drainage area and
designing a Vortechnic unit at the outfall. The 2001 report did not examine the feasibility of infiltration
basins, nor did it evaluate distributing treatment in the watershed as an alternative to end-of-pipe
technologies. In addition to the Phase II minimum requirements, East Greenwich should design and
construct infiltration basins or equivalent BMPs for outfalls along Greenwich Cove, wherever feasible.
For the Maskerchugg River watershed, East Greenwich only needs to comply with the six minimum
measures of the Storm Water Phase II program. East Greenwich should also adopt storm water volume
reduction requirements for development and redevelopment of commercial and industrial properties in
its zoning regulations. As stated previously, the town is required to adopt these policies for city-owned
facilities and infrastructure (Part IV.B.6.a.2 and Part [V.B.6.b.1 of the Storm Water General Permit).
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West Warwick

Upstream of station HBO1, the headwaters of Hardig Brook break into many flow paths, one of which
flows through a residential neighborhood in West Warwick. Bacteria concentrations in the headwaters
of Hardig Brook are among the highest in the Greenwich Bay watershed. The large amount of
impervious surface in this area contributes to elevated wet weather bacteria concentrations and loads. In
addition to its Phase II minimum requirements, West Warwick should conduct a feasibility study that
identifies areas within this neighborhood where infiltration basins or equivalent BMPs would be
possible to construct. This study should evaluate the feasibility of distributing infiltration throughout the
drainage area of significant outfalls or inflow. West Warwick should also adopt storm water volume
reduction requirements for development and redevelopment of commercial and industrial properties in
its zoning regulations. As stated previously, the town is required to adopt these policies for city-owned
facilities and infrastructure (Part IV.B.6.a.2 and Part [V.B.6.b.1 of the Storm Water General Permit).

DOT

DOT owns direct storm water discharges throughout the Greenwich Bay watershed. DOT must
coordinate its efforts with the local municipalities in the priority areas of Brush Neck Cove, Apponaug
Cove, and Greenwich Cove (Part IV.C of the General Permit). DOT should investigate areas for storm
water treatment along Route 117. Suggestions for improvements to Hardig Brook include the mitigation
of storm water from Route 117 and 1-95 using the open areas of the interstate highway. DEM
recommends that DOT work with Warwick to evaluate means of reducing storm water from Apponaug
to lower Hardig Brook and Gorton Pond Tributary. DOT should conduct a BMP feasibility study to
identify ways to mitigate storm water entering Lower Hardig Brook and Gorton Pond Tributary from
Route 115, Route 117, and US-1. This area is also the site of a fish restoration study for Hardig Brook
and Gorton Pond Tributary. One option being studied is the feasibility of returning Hardig Brook to its
original streambed in this undeveloped area. Storm water planning should accommodate this possibility.
Roadway reconstruction anywhere in the watershed should include infiltration or equivalent BMPs,
wherever feasible.

Inter-Governmental Agency Cooperation

East Greenwich, Warwick, West Warwick, and DOT own storm water discharges in the Greenwich Bay
watershed. These entities must work together to address storm water problems. SWMPPs submitted by
each agency must describe how they are cooperating with each other and what issues have arisen (see
Part IV.C of the General Permit).

5.2 Wastewater Management

The Greenwich Bay watershed is evolving from a watershed that once relied upon individual sewage
disposal systems (ISDS) to one where the majority of sewage is handled by municipal sewers and
treatment facilities. As documented in previous sections, the Greenwich Bay watershed has a history of
failing septic systems. Inadequately treated wastewater from substandard and failed septic systems adds
bacteria and nutrients to Greenwich Bay, contributing to water quality impairments. It is important that
these sources be mitigated through planned sewer extensions and tie-ins and, for those areas where
sewers will not be extended, through replacement of sub-standard and/or failed systems.

Warwick is spending more than $50 million to expand sewer lines into the Greenwich Bay watershed.
The Coastal Resource Management Council (CRMC) has required Warwick to adopt a mandatory tie-in
schedule for residential and commercial areas that drain to Greenwich Bay. CRMC Assent Number
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A00-6-35 stipulates that the mandatory tie-in schedule begin within one year of the completion of
improvements at the Warwick Wastewater Treatment Facility (WWTF). Since DEM requires that the
plant improvements be completed by August 19, 2004, the schedule for mandatory tie-in should begin in
mid-2005. Consultants for the Warwick Sewer Authority used parameters such as soil type, proximity
to wetlands, and housing density to identify priority areas for mandatory connection. Proposed areas
where mandatory tie-ins will first occur include Brush Neck Cove, Apponaug Cove, and areas
surrounding Post Road (Lucht, 2003). Warwick plans to have a public meeting concerning the
mandatory tie-in schedule in the Spring of 2004. It is anticipated that it will take between five and seven
years for the mandatory tie-in schedule to be complete, and that at the end of this time period all
residential and commercial properties where sewers are available will be connected to the sewer system.
Warwick does not plan to extend sewer lines into Potowomut, most of Warwick Neck, and for all but a
few streets in Cowesett.

The Town of East Greenwich is also extending its sewer lines. East Greenwich does not require homes
to connect to the sewer system, however, when the extensions are complete, it appears that most areas of
Town within the Greenwich Bay watershed will have sewers available.

A properly designed and operating septic system does prevent bacterial pollution from impacting the
surrounding area. Consistent with the Rhode Island’s Coastal Nonpoint Pollution Control Program
(1995), DEM recommends that communities adopt ordinances for those areas where sewers are not
planned to establish an enforceable mechanism to ensure that existing septic systems are properly
operated and maintained. As part of the wastewater management planning efforts, communities should
keep detailed records of which properties are not connected to the municipal sewer system, identify sub-
standard systems, and adopt a schedule for replacement of those systems located along the shoreline.

While properly functioning septic systems can effectively treat bacteria, they are not as efficient at
removing nitrogen. Other water quality concerns in the watershed include excessive algal growth and
low dissolved oxygen, the result of excessive nitrogen loads. DEM is currently evaluating nitrogen load
reductions for Greenwich Bay. It has not been determined whether nutrient loads from septic systems in
the areas where sewers are not planned impact algal growth and low dissolved oxygen in Greenwich
Bay. The Greenwich Bay Special Area Management Plan being developed by CRMC, in coordination
with DEM and other state, federal and local partners, is expected to establish what reductions, if any are
needed from these areas.

5.3 Waterfowl, Wildlife, and Domestic Pets

Past studies have shown that waterfowl, wildlife, and domestic pets contribute significantly to elevated
bacteria concentrations in surface water (RIDEM, 2003b). DEM Fish and Wildlife Regulations prohibit
feeding wild waterfowl except on elevated feeders (e.g. hanging bird feeders) within 100 feet of an
occupied dwelling throughout the state (RIDEM, 2003d). Storm Water Phase II requirements include an
educational program to educate the public about the impact of storm water. The Greenwich Bay
communities should address the importance of picking up after pets and not feeding birds in their
education and outreach programs. Pet wastes should be disposed of away from Greenwich Bay, its
coves, its tributaries, and any storm water system that discharges to any of these locations. Educational
programs should emphasize that not cleaning up after pets and feeding waterfowl, such as gulls and
geese, contributes to beach and shellfish bed closures.
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Towns and residents can take several measures to minimize bird-related impacts. They can allow tall,
coarse vegetation to grow in areas along the shores of the Bay that are frequented by waterfowl.
Waterfowl, especially grazers like geese, prefer easy access to the Bay. Maintaining an uncut vegetated
buffer along the shore will make the habitat less desirable to geese and encourage migration. Residents
should also stop feeding birds. Eliminating this practice will decrease summer bird populations and
make the area less attractive to the year-round residence of migratory birds.

5.4 Marine Pump-out Facilities

Greenwich Bay is home to over 4000 boats during the summer months (Ganz, 2004). EPA has
designated Rhode Island marine waters as a Federal No Discharge Area. Ten pump-out facilities are
available throughout the areas of Greenwich Bay where the majority of boats are docked: Apponaug
Cove, Warwick Cove, Greenwich Cove, and an area adjacent to Apponaug Cove. Multiple facilities are
located in all areas except Greenwich Cove. Large mooring facilities exist in Greenwich Cove and
Apponaug Cove. The Greenwich Bay Marina pump-out boat provides pump-out service, though there is
little documentation to demonstrate that the boat is providing that service to the mooring areas. The
local communities, DEM, and CRMC should examine ways to optimize use of this boat. All pump-out
facilities should be maintained and operated to maximize boat usage.

DEM oversees the operation and maintenance of the pump-out infrastructure by participating in the
Clean Vessel Act (CVA) program which provides money for the construction, repair, and replacement
of pump-out facilities and by coordinating outreach and education programs. CRMC should make
marine pump-out facilities a mandatory maintenance item as a condition of minimum standard for
operation of a marine facility.

Enforcing Rhode Island’s No Discharge designation is required by the Clean Water Act. State laws 46 —
1-2- 39, 46-12- 40, and 46-12-41 give authority to local harbormasters, local police, Coast Guard, and
DEM conservation officers and employees to enforce No Discharge laws. Boarding boats and
inspecting marine sanitation devices (MSD) by all empowered agencies are needed in Greenwich Bay as
a follow-up to the last ten years of outreach and education. All agencies should develop a policy
regarding the boarding of boats to inspect compliance with No Discharge.

5.5 Future Development

Land use data from Greenwich Bay shows a watershed where most of the land is developed. Warwick
has purchased Chepiwanoxet Island and Barton Farm to preserve these areas as open space. Preserving
open space should remain a goal of the communities.

As described previously, municipal ordinances should be reviewed and revised, if necessary, to make
sure that future development projects do not add to water quality problems and that redevelopment
projects reduce contributions to the water quality problems in Greenwich Bay.

5.6 Beach Management

Increased monitoring of beaches over the last several years has resulted in an increase in the numbers of
beach closures at the Greenwich Bay beaches. Monitoring data from the summers of 2000 and 2001
shows that with a few exceptions, the beach closures correspond with the wet weather shellfish closures
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of Greenwich Bay. At this time, the Greenwich Bay beaches are sampled at least three times per week,
with Goddard Park being sampled four times per week. Decisions to close the beach are based on the
results of this sampling, the water quality history at the sampled location, and other environmental
conditions. DEM believes that HEALTH sampling program protects human health. Reducing wet
weather bacteria sources from Greenwich Bay will reduce the bacteria concentrations at the beaches,
allowing the beaches to remain open.

Beach closures that occur during dry weather may be the result of bather load, waterfowl, and other
animals along the beach. DEM recommends that HEALTH work with beach managers to plan ways to
discourage beach goers from feeding birds. Feeding birds encourages them to stay at the beaches and
add to the bacteria load to the beaches. Signs should be posted prominently at the beach explaining that
feeding the birds is illegal (RIDEM, 2003d) and contributes to beach closures. When a beach closure
occurs, beach managers should continue to groom the beaches to remove wrack. This wrack is a
potential source of fecal coliform bacteria. Beaches should also adopt any other practical measures to
reduce resident bird populations.

At some beaches, the source of the bacteria is difficult to establish. HEALTH should work with DEM to
set up a bacteria source tracking program that would link elevated fecal coliform concentrations at the
beaches to host organisms, such as humans, birds, and rodents, to better identify abatement measures.

At Goddard Beach, three sets of two culverts convey storm water from the parking lot onto the beach.
Some of these culverts have grates across them to stop garbage from entering the beach area. Grates
should be placed on all culverts and garbage picked up regularly. While not related to the bacteria
problems at the beach, this will prevent garbage from entering the beach and reduce the food source for
birds and scavengers.

5.7 Summary

DEM will continue to work with DOT, HEALTH, CRMC, SRICD, and the local municipalities to
identify funding sources and evaluate locations and designs for storm water control BMPs throughout
the watershed. Table 5.2 summarizes the recommended implementation activities for all communities
within Greenwich Bay.
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Table 5.2 Implementation Measures Summary.

Abatement Measure

Jurisdiction /

Notes

Beach Managers

Location
Storm Water Phase II Minimum DOT Plans submitted to DEM as required.
Measures East Greenwich
Warwick
West Warwick
Apponaug Cove, Brush Neck DOT Infiltration basins are being designed at White Avenue and
Cove, Greenwich Cove — East Greenwich Boyle Street in Warwick. These should be constructed. All
Constructing Infiltration Basins Warwick entities should begin BMP feasibility studies to identify and
West Warwick design infiltration basins for other locations.
Storm Water Cooperation DOT Warwick, East Greenwich, West Warwick, and DOT should
East Greenwich document their cooperation.
Warwick
West Warwick
Future Development and East Greenwich Local Ordinances should institute storm water volume
Redevelopment Warwick reduction requirements for redevelopment of commercial and
West Warwick industrial properties.
Wastewater Treatment East Greenwich Sewer extensions and mandatory tie-in should continue as
Warwick planned. Ordinances should be adopted for areas without
sewers that require septic system maintenance.
Educational Programs DOT Do not feed birds, Clean up pet waste, plant buffers along the
East Greenwich water, etc.
Warwick
West Warwick

No Discharge — Optimize use of
Greenwich Bay pump-out facilities

Marina Operators
Local Harbormasters

Increase public awareness of No Discharge requirements and
available facilities.

No Discharge — Require
mandatory maintenance of pump-
out facilities as a condition of
marina operation

CRMC

No Discharge — Develop and
implement policies for inspecting

Local Harbormasters
Local Police

CVA Program to maintain
infrastructure

boats to ensure compliance with Coast Guard
No Discharge. DEM
No Discharge — Participate in DEM

Marina Owners

Good Housekeeping Activities at City Park Post signs “feeding birds leads to water pollution and beach
the Beaches Goddard Park closures”, groom beaches to remove wrack, other practical
Oakland Beach measure to reduce bird populations. At Goddard Park, place
grates on parking lot culverts.
Bacterial source tracking — DNA Goddard Park Identify bacteria sources.
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6.0  PUBLIC PARTICIPATION

A public meeting will be held following the EPA initial review when the draft Greenwich Bay TMDL is
presented for public review and comment. Following the presentation, the public will have a 30-day
period in which to submit comments on the study and its findings. An initial public meeting was held in
December of 2000.
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7.0  FOLLOW-UP MONITORING

This is a phased TMDL. Additional monitoring is required to ensure that water quality objectives are
met as remedial actions are accomplished. Monitoring by DEM will be the principal method of
obtaining the data necessary to track water quality conditions in the watershed. In accordance with
NSSP requirements, the DEM Shellfish Monitoring Program will continue to monitor water quality and
conduct shoreline surveys within Greenwich Bay. Continued water quality monitoring and shoreline
surveys will be used to help evaluate the effectiveness of the recommended implementation efforts.
Also, as proposed BMPs are installed in the watershed, post construction influent and effluent sampling
will be required to assess the effectiveness of the selected technology.
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Appendix A Shellfish Station Locations and Data

Shellfish Station Locations

ID Location

GA8-01 | Greenwich Cove, from the East Greenwich W.W.T.F. plume

GA8-02 | Greenwich Cove, mid-channel at the East Greenwich Yacht Club.

GA8-03 | Greenwich Cove, mid-point between a line from the range marker at Long Point to the range marker at the southern tip of Chepiwanoxet.

GAS8-04 | Inner Greenwich Bay, just north of Goddard Park Beach, mid-point between a line from Sally Rock Point to Long Point.

GA8-05 Inner Greenwich Bay, the intersection of a line from Sally Rock Point to the northern tip of Chepiwanoxet, and a line from the range marker at Long Point
through Nun Buoy #6.

GA8-06 | Inner Greenwich Bay, at Can Buoy #1.

GAS8-07 | Inner Greenwich Bay, mid-point between a line from Can Buoy #1 to Can Buoy #3.

GA8-08 | Apponaug Cove, at Can Buoy #3, at the entrance to Apponaug Cove.

GAS8-10 | Apponaug Cove, at Nun Buoy #8.

GA8-12 | Mid Greenwich Bay, the intersection of a line from Cedar Tree Point to Warwick Point, and a line from Sally Rock Point through Can Buoy #5.

GAS8-13 | Mid Greenwich Bay, at Can Buoy #5, just north of Sally Rock.

GAS8-15 | Outer Greenwich Bay, the intersection of a line from Can Buoy #5 to Sandy Point, and a line from Sally Rock Point to Warwick.

GA8-17 Outer Greenwich Bay, the intersection of a line from Sally Rock Point to Warwick Point, and a line from the flagpole at the Warwick Country Club on Warwick
Neck to Sandy Point.

GAS8-18 | Outer Greenwich Bay, the intersection of a line from Cedar Tree Point to Warwick Point, and a line from Sandy Point to the entrance to Brush Neck Cove.

GA8-21 | Warwick Cove, at Can Buoy #5.

GA8-22 | Warwick Cove, at Can Buoy #9.

GA8-23 | Warwick Cove, at Nun Buoy #12.

GAS8-25 | Buttonwoods Cove, mid-channel just south of Buttonwoods Beach.

GA8-26 | Brush Neck Cove, mid-channel approximately 100 yards north of the Little Rhody Boat Club.
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02/02/04

Dry Weather
All samples were analyzed using MPN.
Date Tide | Days Since/ | GA8-1 | GAS-2 | GA8-3 | GA8-4 | GA8-5 | GA8-6 | GA8-7 | GA8-8 | GAS8- | GAS8- | GAS8- | GAS8- | GAS- | GAS- | GAS8- | GAS- | GAS- | GAS- | GAS-
Rain Amount 10 12 13 15 17 18 21 22 23 25 26
(inches)"
24-Jul-00 F 8/0.84 4 9
09-Aug-00 L 9/0.75 3 15 23
23-Aug-00 F 5/0.12 4 2 2 2 75 2
12-Oct-00 E 6/0.2 9 9 2 2 3 4 21 9 2 9 9 2 2 2 4 23 2 4 15
04-Dec-00 F 8/1.33 2 4 4 9 7 23 23 93 230 4 9 2 23 15 2 2 4 2 2
27-Dec-00 H 9/2.98 2 4 2 4 9 430 9 4 3 2 2 23 23 2
17-Jan-01 F 2/0.47 9 4 2 2 93 23 4 93 4 3 2 2 2 7 2 4 2
16-Feb-01 E 10/1 4 2 2 4 2 2 4 4 2 2 2 2 2 2 2 4 2 9
20-Apr-01 E 2/0.1 4 2 2 2 2 2 2 2 2 3 2 2 2 2 2 930 2 2 2
02-May-01 L 14/0.14 2 2 2 2 2 4 2 4 23 2 2 2 2 2 2 6 2 4
11-Jun-01 F 9/1.45 9 21 2 2 2 2 2 2 2 2 2 2 2 2 2 4 23 2 4
27-Jun-01 F 3/0.38 9 43 7 4 4 9 4 6 93 4 2 2 2 2 21 43 23 4 43
20-Jul-01 E 8/1.11 14 9 4 7 9 9 14 93 93 7 4 2 4 2 93 23 43 93 230
27-Jul-01 F 0.5/0.25 43 43 2 7 9 93 43 93 2 2 2 2 2 14 23 21 15
05-Sep-01 H 8/0.52 93 230 9 7 9 4 2 2 23 4 3 4 2 2 9 15 9 230 23
03-Oct-01 H 2/0.2 93 9 2 2 4 2 9 43 93 9 23 23 2 2 4 9 93 23 9
29-Oct-01 L 12/0.42 2 4 23 4 2 4 2 4 23 2 2 2 4 4 15 9 11 4 93
10-Dec-01 L 1/042 15 4 2 4 4 93 93 23 75 93 93 4 14 75 4 43 43 93 43
COUNT 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
GEOMETRIC MEAN 9 9 3 3 4 8 8 9 22 4 4 3 3 4 5 12 11 8 14
90" PERCENTILE 73 43 8 7 9 93 65 73 93 9 17 4 19 20 19 43 62 93 73
'Rain measured at DEM in Providence.
Wet Weather
Samples taken on July 26, 2001 were analyzed using mTEC. On July 27, 2001 two samples were taken at each station and analyzed using MPN and mTEC. The
mTEC value is presented in parenthesis in the table below. Only MPN values were used when calculating geometric mean and 90™ percentile values, except at
station GA8-7 and GA8-23 where MPN data did not exist. All other samples were analyzed using MPN.
Date Tide | Days Since/ | GA8-1 | GA8-2 | GA8-3 | GA8-4 | GA8-5 | GA8-6 | GA8-7 |GAS8-8 | GAS8- | GAS8- | GA8- | GA8- | GAS8- | GAS- | GAS- | GA8- | GAS8- | GAS- | GAS-
Rain Amount 10 12 13 15 17 18 21 22 23 25 26
(inches)'
26-Jul-01 H 0.5/0.71 200 200 13 1 1 1.75 12 36.5 180 3 2 4 0.5 0.5 10 54 280 200
27-Jul01| F 1/0.71 13(13) 4332)] 3®) 703)] 9= 93(9 QB30 30y 3@ 3D 3&D| 3| 300)] 14a4)| 2338)] (4| 213)| 15@)
22-Sep-01 F 0.5/3.13 930 930 190 430 230 430 4300 23000 750 230 43 4 43 930 930 430| 16150
23-Sep-01 F 1.5/3.14 930 430 230 230 230 430 930 2300 23 23 230 43 230 140 2300 4300 230 1365
24-Sep-01 F 2.5/3.15 210 9 7 23 4 9 9 43 9 3 23 9 23 43 43 43 23
18-Oct-02 E 2/1.33 23 43 93 9 75 39 93 15 150 15 9 93 3 4 43 93 43 240 93
COUNT 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 4 5
GEOMETRIC MEAN 68 275 85 19 44 27 71 115 572 23 12 39 5 14 75 215 373 179 393
90" PERCENTILE 182 930 730 214 350 230 430 2952 14720 459 147 175 29 155 614 1752 3496 373 10236

'Rain measured at TF Green Airport.
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Appendix B Tributary Station Locations and Data

Tributary Station Locations

Station Name Location
HBO0O Hardig Brook Barton Farm

HBO1 Hardig Brook Glen Drive at Nursing Home Entrance

HB02 Hardig Brook Quaker Lane

HBO03 Hardig Brook Crossing south of Route 117 in YMCA driveway
HB04 Hardig Brook Tributary | Entrance to Preschool, Route 117

HBO0S5 Hardig Brook Hardig Brook Road

HBO06 Hardig Brook Orchard Avenue, Sample at Green Railing
HBO6A | Hardig Brook Downstream bridge at 257 Centerville Road
HB06B | Hardig Brook Downstream waterfall at Grist Mill Apartments
HB06C | Hardig Brook Upstream Route 115

HBO07 Hardig Brook Below Routes 117 and 1, Warwick

HBO08 Hardig Brook Route 1 (Marine Station), Warwick

GPO1 Gorton Pond Tributary Gorton Pond Outlet

GP02 Gorton Pond Tributary Little Gorton Pond Outlet

GP03 Gorton Pond Tributary Route 117 below Apponaug Mill Complex, Warwick

MBO01 Mill Brook Inlet to long pond at Cowesett Apartments

MBO02 Mill Brook Outlet of long pond at Cowesett Apartments

MBO03 Mill Brook Outlet of 36 inch culvert at Cowesett Apartments

MB04 Mill Brook Rock Bridge, 75 yards upstream from Meadow Street Culvert, Warwick
BCO03 Baker Creek Mouth of Baker’s Creek (Marine Station)

GCO1 Greenwood Creek Upstream of the Route 117 crossing of Greenwood Creek
GC02 Greenwood Creek Headwaters of Apponaug Cove (Marine Station)

SCo1 Southern Creek Upstream of the Route 117 crossing of Southern Creek
SC02 Southern Creek Downstream culvert at Buttonwoods Avenue

SCO03 Southern Creek Upstream of culvert at White Avenue

TBO1 Tuscatucket Brook Outlet of airport drain on Warwick Industrial Drive
TBO1A | Tuscatucket Brook Outlet of drainage culvert on Warwick Industrial Drive
TB04 Tuscatucket Brook Liverpool Drive

TB02 Tuscatucket Brook Downstream of Route 117 crossing of Tuscatucket Brook
TBO03 Tuscatucket Brook At headwaters of Brushneck Cove (Marine Station)
WW8 Maskerchugg River Maskerchugg River at 1-95

Ww2 Maskerchugg River Maskerchugg River at Cedar and Division St

WW4 Maskerchugg River Maskerchugg River at Kenyon

MO1 Maskerchugg River Maskerchugg River at Route 1

WWI11 | Maskerchugg River Maskerchugg River at Greenwich Cove (Marine Station)
WW7 Saddle Brook Unnamed Tributary at Saddle Brook

WW1 Saddle Brook Unnamed Tributary at Green Bush Road
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Station Name Location
WW9 Dark Entry Brook Dark Entry at Major Potter

WWw3 Dark Entry Brook Dark Entry at Brisas Circle

WWI10 | Nichols Brook Tributary at Hemlock (Nichols Brook)

WWS5 Nichols Brook Tributary at Glenwood Cemetery (Nichols Brook)

The following tables list the study when the data was collected. Here is a list of all the studies mentioned in the tables.

Study ID Study Name
DeMelo, Ana C.M., Oran J Viator, and Raymond M. Wright. 1997. Greenwich Bay Initiative — Water Quality Evaluation of Hardig Brook. Final
URI HB Report Submitted to the Rhode Island Department of Environmental Management and the Narragansett Bay Project, by the Department of Civil and
Environmental Engineering, University of Rhode Island, Kingston, RI.
URI NW Wright, Raymond M. and Oran J. Viator. 1999. Greenwich Bay Initiative — Northern Watersheds Loading Estimates to Greenwich Bay. Final Report
Submitted to the City of Warwick, by the Department of Civil and Environmental Engineering, University of Rhode Island, Kingston, RI.
Wright, Raymond M., Michael Fanning, and Oran Viator. 1998. Characterization of Nonpoint Source Pollutant Sources to an Estuary under Wet
URI DS Weather Conditions — Direct Stormwater Discharges. Final Report Submitted to the City of Warwick, by the Department of Civil and
Environmental Engineering, University of Rhode Island, Kingston, RI.
URI BASE Wright, Raymond M. 2000. Baseline Monitoring Project. Draft Report Submitted to the Rhode Island Department of Environmental Management, by
the Department of Civil and Environmental Engineering, University of Rhode Island, Kingston, RI.
RIDEM. 2002. Greenwich Bay Watershed Final Data Report, Bacteria Sampling 2000 - 2002, December 5, 2002, Rhode Island Department of
TMDL GB . .
Environmental Management, Office of Water Resources, Providence, RI.
RIDEM. 2004. Hardig Brook Watershed Final Data Report, Bacteria Sampling 2001 - 2003, Rhode Island Department of Environmental
TMDL HB .
Management, Office of Water Resources, Providence, RI.
RI SP 98 RIDEM. 1998. Greenwich Bay Growing Area 8 Shoreline Survey, 1998 Report, Rhode Island Department of Environmental Management, Office of
Water Resources, Providence, RI.
RISP 01 RIDEM. 2001a. Greenwich Bay Growing Area 8 Shoreline Survey, 2001 Report, Rhode Island Department of Environmental Management, Office of
Water Resources, Providence, RI.
Herron, Elizabeth, Linda Green, Arthur Gold, and Guy Boisclair. 1998b. Maskerchugg River Watershed — Warwick, West Warwick, and East
URI WW Greenwich, R.1. Data Submitted to the Rhode Island Department of Environmental Management, by the Cooperative Extension, University of

Rhode Island, Kingston, RI.
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Dry Weather
All samples analyzed using mTEC.

Study Date Days Since/ | GP01 | GP02 |GP02A’| GP02B*|GP02C?|GP02D*| GP03>
Rain Amount
(inches)"
URIHB | 31-Aug-94 9/0.88 210 23
URIHB [ 31-Aug-94 9/0.88 160 45
URIHB [ 31-Aug-94 9/0.88 170 40
URIHB | 07-Sep-94 2/0.2 3
URIHB | 14-Sep-94 5/0.22 27
URIHB | 16-Sep-94 7/0.22 120 11
URIHB | 16-Sep-94 7/0.22 78 12
URIHB | 16-Sep-94 7/0.22 23 17
URIHB | 05-Dec-94 7/15 1600 1
TMDL GB | 28-Aug-01 0.5/0.2 150
TMDL GB | 31-Aug-01 3/0.2 400
TMDL HB | 11-Sep-02 7/0.22 580
TMDL HB | 15-Sep-02 11/0.22 510
TMDL HB | 20-Sep-02 4/1.39 830
TMDL HB | 01-Nov-02 6/1.17 56 13 510
TMDL HB | 21-Nov-02 4/1.11 40 32 24 57 48 120
TMDL HB | 30-Apr-03 4/1.14 44
TMDL HB | 07-May-03 7/0.18 24
TMDL HB | 08-May-03 <1/0.11 300
TMDL HB | 08-May-03 <1/0.11 180
TMDL HB | 08-May-03 <1/0.11 150
TMDL HB | 08-May-03 <1/0.11 85
TMDL HB | 09-May-03 2/0.11 110
TMDL HB [ 14-Oct-03 2/0.39 1400
TMDL HB | 03-Nov-03 5/1.57 70 40 90 40 170 140
COUNT 8 12 16
GEOMETRIC MEAN 135 16 210
80" PERCENTILE 194 40 NA
90" PERCENTILE 705

'Rain measured at TF Green Airport.
The URI Hardig Brook Study sampled this station. The data is not included here because mitigation activities after the URI study have changed the water quality
conditions.

Appendix B Tributary Station Locations and Data



DRAFT REPORT FOR PUBLIC COMMENT 02/02/04

Dry Weather
All samples analyzed using mTEC.

Study Date Days Since/ | HB00> | HB01> | HB02> | HB03> | HB04> | HB05> | HB06> | HB06 | HB06B | HB0O6 | HB07> | HB0S®
Rain Amount A C
(inches)'

TMDL GB | 28-Aug-01 0.5/0.2 1900 360 2000 923

TMDL GB | 31-Aug-01 3/02 3100 | 1200 48 195 300
TMDL HB | 01-May-02 3/0.73 70 100 34 52 43
TMDL HB | 11-Sep-02 7/0.22 750 580 300 102 210 390 140 560 410
TMDL HB | 15-Sep-02 11/0.22 510 150 270 220 130 150 28 100 70
TMDL HB | 20-Sep-02 4/1.39 745 930 230 100 93 120 82 160 110

TMDL HB | 01-Nov-02 6/1.17 41 230
TMDL HB | 21-Nov-02 4/1.11 28

TMDL HB | 30-Apr-03 4/1.14 74 42 900 250 50 42 37 24 29 100
TMDL HB | 07-May-03 7/0.18 230 170 150 220 24 21 35 93 100 150
TMDL HB | 08-May-03 <1/0.11 180 63
TMDL HB | 08-May-03 <1/0.11 170 320 160 230 120 340 235 49 82 84

TMDL HB | 08-May-03 <1/0.11

TMDL HB | 08-May-03 <1/0.11 2500 580 270 540 [ 3500 450 250 210 190 96
TMDL HB | 08-May-03 <1/0.11 850 420 420 400 [ 1100 280 160 160 200 255
TMDL HB | 08-May-03 <1/0.11 1400 270 330 360 66 365 100 130 130 180
TMDL HB | 09-May-03 2/0.11 490 150 440 770 3 380 180 180 190 160

TMDL HB | 14-Oct-03 2/0.39 180 820 565 120 42 67 72 69 370

TMDL HB | 03-Nov-03 5/1.57 380 260

COUNT 7 13 12 11 6 12 14 4 12 12 18 6

GEOMETRIC MEAN 458 400 418 344 114 161 109 163 82 116 120 291

80" PERCENTILE 1290 748 884 540 1100 360 220 246 156 190
90" PERCENTILE 389 647

'Rain measured at TF Green Airport.
The URI Hardig Brook Study sampled this station. The data is not included here because mitigation activities after the URI study have changed the water quality
conditions.
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DRAFT REPORT FOR PUBLIC COMMENT

Dry Weather

All samples analyzed using mTEC.

02/02/04

Study Date Days Since/ | MB01 | MB02 | MB03 | MB04 | GC01 | GC02 | BCO03 SCo1 SC02 SCo03 TB01 | TBO1A | TB02 TB03 TB04
Rain Amount
(inches)'
URINW 12-Apr-95 3/0.56 320 5 2 30 4 1 5 2 1 1 5 5 2 42
URINW 12-Apr-95 3/0.56 1 8 57 32 4 1 1 2 24 1 9
URINW 12-Apr-95 3/0.56 79 10 5 49 1 1 1 2 19 1 5
URINW 13-Apr-95 4/0.56 40 2200 55
URINW 14-Apr-95 5/0.56 1 29 53
URINW 26-Apr-95 5/0.4 410 9 330 170 12 1 11 1 1 1 81 17 16 15
URINW 26-Apr-95 5/0.4 110 17 5 47 3 1 1 1 3 4 8
URINW 26-Apr-95 5/0.4 570 7 19 17 1 1 1 1 3 1 11
URINW 27-Apr-95 6/0.4 3 4 13
URINW 28-Apr-95 7/0.4 4 23 10
URINW 12-Jun-95 4/0.3 2900 170 10 570 300 410 920 550 490 1200 11 250 160 560
URINW 14-Oct-95 7/0.16 500 140 20 120 52 2 1 130 17 76
TMDL GB | 07-Jul-00 3/0.09 74 60
TMDL GB | 18-Jul-00 3/0.9 390 70
TMDL GB | 28-Aug-01 0.5/0.2 230
TMDL GB | 31-Aug-01 3/0.2 160
TMDL HB | 11-Sep-02 260
TMDL HB | 15-Sep-02 250
TMDL HB | 20-Sep-02 210
TMDL HB | 01-Nov-02 750
TMDL HB | 21-Nov-02 60
TMDL HB | 30-Apr-03 170
TMDL HB | 07-May-03 175
TMDL HB | 08-May-03 300
TMDL HB | 08-May-03 520
TMDL HB | 08-May-03 330
TMDL HB | 08-May-03 600
TMDL HB | 08-May-03 240
TMDL HB | 09-May-03 280
TMDL HB | 14-Oct-03 270
TMDL HB | 03-Nov-03 60
COUNT 8 8 8 25 8 7 7 8 8 10 8 8 10 7
GEOMETRIC MEAN 177 18 16 158 7 6 44 3 2 11 9 6 19 39
80" PERCENTILE 542 91 42 306
90" PERCENTILE 1269 149 139 550 126 188 1432 166 148 471 41 87 84 257

'Rain measured at TF Green Airport.
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DRAFT REPORT FOR PUBLIC COMMENT

Dry Weather

All samples analyzed using mTEC.

Study Date | Days Since/ | WW08 | WW02 | WW04 MO01 | WWI11 | WWO07 | WWO01 | WW09 | WW03 | WWI10 | WW05
Rain Amount
(inches)"
URI WW 20-Jul-96 3/0.45 190 100 100 1000 340 210
URIWW | 02-Nov-96 4/0.09 6 7 120 19 10 1 5 100 80 26 19
URIWW | 10-May-97 0.5/0.27 20 23 36 25 22 9 13
URI WW 14-Jun-97 0.5/0.07 1 170 145 290 430 221 240 2710
URIWW | 06-Sep-97 8/1.04 30 26 72 280 40 42 95
URIBASE | 16-Mar-00 4/0.56 12
URI BASE | 31-May-00 7/0.87 44
URIBASE | 18-Sep-00 3/0.96 280
URIBASE | 11-Dec-00 0.5/0.06 44
URIBASE | 20-Mar-01 3/0.08 1
URIBASE | 23-Jul-01 6/0.08 150
URIBASE | 02-Nov-01 10/0.07 15
COUNT 4 4 4 10 2 3 5 3 3 3 5
GEOMETRIC MEAN 8 29 104 39 32 31 95 99 42 43 106
90" PERCENTILE 281 91
80" PERCENTILE 24 84 163 176 82 287 424 184 65 214 710

'Rain measured at TF Green Airport.

02/02/04
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DRAFT REPORT FOR PUBLIC COMMENT

Wet Weather

All samples analyzed using mTEC.

Study Date Days Since/ | GP01 | GP02
Rain Amount
(inches)'
URI HB 18-Nov-94 0.5/2.78 220
URI HB 18-Nov-94 0.5/2.78 3600
URI HB 18-Nov-94 0.5/2.78 3600
URI HB 18-Nov-94 0.5/2.78 7800
URI HB 19-Nov-94 0.5/2.78 5100
URI HB 19-Nov-94 0.5/2.78 5100
URI HB 19-Nov-94 0.5/2.78 2500
URI HB 19-Nov-94 0.5/2.78 4400
URI HB 19-Nov-94 0.5/2.78 4400
URI HB 19-Nov-94 0.5/2.78 5600
URI HB 19-Nov-94 0.5/2.78 500
URI HB 05-Dec-94 0.5/1.1 1000 96
URI HB 05-Dec-94 0.5/1.1 1700 42
URI HB 05-Dec-94 0.5/1.1 980 26
URI HB 05-Dec-94 0.5/1.1 1200 62
URI HB 05-Dec-94 0.5/1.1 990 110
URI HB 05-Dec-94 0.5/1.1 1000 81
URI HB 05-Dec-94 0.5/1.1 820 32
URI HB 05-Dec-94 0.5/1.1 640 44
URI HB 05-Dec-94 0.5/1.1 490 260
URI HB 06-Dec-94 1/1.1 530 780
URI HB 06-Dec-94 1/1.1 88 310
URI HB 17-May-95 0.5/0.3 160 110
URI HB 17-May-95 0.5/0.3 1600 48
URI HB 17-May-95 0.5/0.3 200 40
URI HB 17-May-95 0.5/0.3 170 50
URI HB 17-May-95 0.5/0.3 640 59
URI HB 18-May-95 1/0.3 17 58
COUNT 17 28
GEOMETRIC MEAN 465 320
80" PERCENTILE 1000 4080

'Rain measured at TF Green Airport.

02/02/04
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DRAFT REPORT FOR PUBLIC COMMENT 02/02/04

Wet Weather
All samples analyzed using mTEC.

Study Date Days Since/ | GP03* | HB00> | HB01> | HB02> | HB03> | HB04> | HB05> | HB06> | HB06 | HB06B | HB06 | HB07> | HB0S> | MB04
Rain Amount A C
(inches)'
TMDL GB | 26-Jul-01 7800 12000 4600 12000
TMDL GB | 27-Jul-01 3800 6400 920 1300
TMDL HB | 15-Sep-02 300 110 340
TMDL HB | 15-Sep-02 600
TMDL HB | 15-Sep-02 3700 4200 1600 | 14000 [ 1300 14000 4950 | 8800 [ 9700 21000
TMDL HB | 15-Sep-02 4500 47000 | 45000 | 16000 | 36000 24000 9200 | 5500 | 5300 4800
TMDL HB | 15-Sep-02 2750 36000 | 75000 [ 38000 | 55000 5300 20000 | 24000
TMDL HB | 16-Sep-02 14000 1800
TMDL HB | 16-Sep-02 5500 1200
TMDL HB | 16-Sep-02 4100 7200
TMDL HB | 16-Sep-02 7500
TMDL HB | 16-Sep-02 3000 22500 | 7300 ] 20000 | 11000 | 21000 [ 22000 [ 15000 [ 15000 | 10000 | 8550 [ 7900 | 26000
TMDL HB | 16-Sep-02 2100 12000 | 7600 [ 8300 5100 9700 | 9550 [ 9600 | 11000 | 11000 | 9000 5200
TMDL HB | 17-Sep-02 1105 1100 | 1900 [ 2000 1100 | 4200 | 2000 3400 2800 2500 ] 3000 | 2900 [ 1900
TMDL HB | 15-Oct-03 5500 660 7600
TMDL HB | 15-Oct-03 10000 23000 | 12000 [ 10000 | 5900 | 1800 [ 11000 7400 | 11000 | 10000 13000
TMDL HB | 15-Oct-03 7500 19000 | 18000 [ 14500 | 7200 | 18000 | 11000 11000 [ 12000 [ 7500 ] 9100 | 8600
TMDL HB | 15-Oct-03 14000 13000 | 11000 | 13000 | 5900 [ 14000 | 14000 11000 | 14500 | 16000 | 20000 | 6500
TMDL HB | 15-Oct-03 6900 10000 4500
TMDL HB | 15-Oct-03 11200 8200 2800
TMDL HB | 15-Oct-03 8100 1800 | 4400 [ 4200 8300 5900 | 5200 7100 | 7500 | 5800 | 5900 [ 2300
TMDL HB | 16-Oct-03 800 440 | 1195 1400 340 [ 1100 1100 1600 | 1300 1250 [ 1200 110
TMDL HB | 17-Oct-03 240 700 710 [ 1400 9 210 210 300 460 610 385 120
COUNT 17 14 12 12 12 11 14 3 12 12 21 7 48’
GEOMETRIC MEAN 3780 6859 6436 7706 3165 2835 5019 7882 5742 6117 4225 3796  1952°
80" PERCENTILE 8040 22700 16800 15700 10460 14000 14000 12840 11000 11800 10000 8860
90" PERCENTILE 10480 12000 13460  19600°

'Rain measured at TF Green Airport.

The URI Hardig Brook Study sampled this station. The data is not included here because mitigation activities after the URI study have changed the water quality
conditions.

*These numbers include values from station MB04 from the following table.
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DRAFT REPORT FOR PUBLIC COMMENT 02/02/04

Wet Weather
All samples analyzed using mTEC.

Study Date Days Since/ | MB01 | MB02 | MB03 | MB04 | GC01 | GC02 | BCO03 SCo1 SC02 SCo03 TB01 | TBO1A | TB02 TB03 TB04
Rain Amount
(inches)'

URINW 12-Jun-95 0.5/0.47 1400 130 6 240 650 200 220 890 7 430 2700

URINW 12-Jun-95 0.5/0.47 1700 180 5200 940 200 310 80 850 5 170 910

URINW 12-Jun-95 0.5/0.47 990 120 50 290 370 470 110 9 1 140 550

URINW 12-Jun-95 0.5/0.47 10000 180 | 17000 1600 410 10000 7900 2800 170 1500 1300

URINW 12-Jun-95 0.5/0.47 3200 230 9200 240 380 7500 2100 5500 7 660 1900

URINW 12-Jun-95 0.5/0.47 7800 150 4800 810 290 3600 2000 2000 1 200 310

URINW 12-Jun-95 0.5/0.47 3600 440 830 370 310 620 840 1000 2 190 4300

URINW 12-Jun-95 0.5/0.47 2400 390 320 210 190 410 26 30 1 200 160

URINW 13-Jun-95 1/0.47 6200 170 40 130 89 450 380 850 230 420 46 270 760 440

URINW 14-Jun-95 2/0.47 310 170 9 190 53 400 540 52 9 32 1 86 130 1200

URINW 17-Sep-95 0.5/2.65 2300 42 | 27000 3900 3400 2100 220 1200 910 510 1800 220 3300 260

URINW 17-Sep-95 0.5/2.65 4600 280 | 27000 | 10000 6900 22000 | 13000 | 21000 | 26000 1300 2700

URINW 17-Sep-95 0.5/2.65 79000 6800 | 43000 | 16000 | 26000 47000 | 32000 | 19000 | 40000 [ 17000 | 11000

URINW 17-Sep-95 0.5/2.65 47000 4100 | 11000 | 38000 | 71000 42000 | 29000 | 39000 2500 4800 | 21000

URINW 17-Sep-95 0.5/2.65 36000 | 17000 | 10000 6000 | 66000 32000 | 17000 | 22000 5500 2200 | 35000

URINW 17-Sep-95 0.5/2.65 30000 | 41000 [ 79000 | 73000 | 20000 4400 8600 | 13000 390 2700 | 16000

URINW 17-Sep-95 0.5/2.65 28000 | 280000 5700 | 21000 6200 4900 2600 | 10000 570 750 | 14000

URINW 18-Sep-95 1/2.65 3300 | 13000 750 990 3200 160 1100 4400 5 570 170 630 1900 210

URINW 19-Sep-95 2/2.65 560 9200 2700 370 380 950 430 16 10 210 31 350 310 420

URINW 14-Oct-95 0.5/0.82 380 150 210 220 250 4900 170 | 13000 4900 2100 7500

URINW 15-Oct-95 0.5/0.82 5000 600 | 10000 | 13000 440 4700 1600 8400 5700 1300 2800

URINW 15-Oct-95 0.5/0.82 5000 670 4400 | 19000 940 20000 9100 4600 1300 6600 1300

URINW 15-Oct-95 0.5/0.82 8600 330 2000 9100 770 8900 8800 9300 7500 5000 570

URINW 15-Oct-95 0.5/0.82 8600 240 2500 4100 2900 6500 7300 7800 3500 3200 610

URINW 15-Oct-95 0.5/0.82 5000 120 4200 920 4500 3100 | 12000 3100 3000 3500 620 860 2500 2100

URINW 15-Oct-95 0.5/0.82 1300 200 3800 940 3300 820 2000 2000 230 550 3900

URINW 15-Oct-95 0.5/0.82 1400 210 2600 590 2100 730 950 1300 170 300 3500

URINW 16-Oct-95 1/0.82 2000 440 17 170 58 94 2100 4 3 150 12 69 640 400

URINW 17-Oct-95 2/0.82 17 140 160
TMDL GB | 26-Jul-01 0.5/0.71 10000 2900 4800 18000 | 18500 1300 3800
TMDL GB | 27-Jul-01 1/0.71 400 190 93.5 630 1700 950 520

RISP 98 | Not Known 2100

RISP 01 05-Jun-01 3/1.57 43

COUNT 30 28 28 30 48° 8 10 28 30 30 28 28 30 8 2

GEOMETRIC MEAN 3993 655 1787 1523 1952? 360 607 1875 876 1928 157 723 1881 448 1406
80" PERCENTILE 10000 5720 10600
90" PERCENTILE 30600 14200 27000 19200 196007 2400 3090 25000 17100 19200 6240 4860 14200 1470 3472

'Rain measured at TF Green Airport.
These numbers include values from station MBO04 from the previous table.
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DRAFT REPORT FOR PUBLIC COMMENT 02/02/04

Wet Weather
All samples analyzed using mTEC.

Study Date Days Since/ | WW8 | WW2 | WW4 MO1 | WWI11 | WW7 | WW1 | WW9 | WW3 | WW10 | WW5
Rain Amount
(inches)'
URIWW | 07-Dec-96 0.5/2.02 14 21 69 62 75 7 10 30 64 36 32
URI WW 26-Jul-97 0.5/0.33 695 1035 1900 890 1400 39 180
URIWW | 26-Oct-97 0.5/0.91 9 4000 24 44 104 1700
URIBASE | 19-Jun-01 2/2.66 2400
TMDL GB | 26-Jul-01 0.5/0.71 1000
TMDL GB | 27-Jul-01 1/0.71 1200
COUNT 3 3 2 5 1 2 3 3 3 1 1
GEOMETRIC MEAN 44 443 362 336 75 79 85 50 270 36 32
90" PERCENTILE 1920 75
80™ PERCENTILE 423 2814 1534 1440 75 713 858 78 1092 36 32

'Rain measured at TF Green Airport.
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Appendix C Greenwich Bay Direct Storm Water Discharges

Potowomut / Goddard Park — Class SA Waters

The only station sampled by URI was WKO05. The shoreline surveys would have sampled the identified sources if they were discharging. SP91-07 would not be an

02/02/04

outfall.
Shoreline Survey NOTES
ID 1991 ID | 1998 ID | 2001 ID Location X Y URI 1991 Survey | 1998 Survey | 2001 Survey
WKS55 Collins Ave. at Ives Road -71.411 | 41.662 | No Info
SP98-01 | SP01-01 | Outflow from Marsh-Sandy Point Stream Stream
SP91-07 31 Charlotte Dr Foot Shower
SP91-06 41 Charlotte (3" Iron Pipe with PVC elbow) 3" Iron
WKO01 | SP91-05 Charlotte Dr. at Sidney Ave. -71.413 | 41.663|15" CC 24" CC
SP91-04 | SP98-03 12" CMP in headwall - End of Robert Street 12" CMP 12" CMP
WKO02 SP98-04 | SP01-02 | Charlotte Dr. at Robert Ave. -71.415| 41.664|15" CC 18" CC 18" CC
WKO03 | SP91-03 | SP98-02 Charlotte Dr. at Collins Ave. (171 Charlotte Rd) -71.415| 41.664 | 18" CC 21" CC 24" CC
WKO04 | SP91-02 | SP98-05 | SP01-03 | Charlotte Dr. at Hopkins Ave. (201, 205 Charlotte Rd) | -71.416 | 41.664 | 21" CC 24" CC 20" CC 18" CC
WKO05 | SP91-01 | SP98-06 | SP01-04 | Beachwood Pond Outlet (212 Beachwood Rd) -71.420 | 41.666 | 15" CC 24" Culvert | 18" Culvert | Stream
WKO06 | SP91-08 Beachwood Dr. at Overlook Dr. -71.424 | 41.669 | 12" CMP 12" CMP
SP91-09 | SP9§-07 | SPO1-05 | Suream -100 yards west of Sally Rock Point Stream Stream Stream
(Potowomut Golf Course)
SP98-08 | SP01-06 | Goddard Beach-2-24" concrete Pipes 2-24"CC 2-24"CC
SP98-08 | SP01-07 | Goddard Beach-2-24" concrete Pipes 2-24"CC 2-24"CC
SP98-08 | SP01-08 | Goddard Beach-2-24" concrete Pipes 2-24"CC 2-24"CC

CC: Concrete
CMP: Corrugated Metal Pipe
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Greenwich Cove — Class SB/SB1 Waters
URI sampled EGO01, EG06, EG07, WKO08, and WK09. The shoreline surveys would have sampled the identified sources if they were discharging.
Shoreline | FDA Louis NOTES
Survey Berger . X Louis

1D 1991 ID ID D Location Y URI 1991 Survey FDA Berger
EGO1 SP91-143 002 | Outlet south of Transfer Sta. towards Town Dock -71.449| 41.657|24" CC 24" CC 30" CC
EG02 |SP91-148 003 | Outlet in front of WWTP at the south end -71.448 | 41.657 | 36" CC 36" CC 30" CC
EGO03 004 | Water Street, near Queen Street -71.445| 41.661 | 24" CC 27" CC
EG04 | SP91-152 | 152/252 005 | Water Street at Blue Parrot Restaurant (Harbourside) | -71.446 | 41.662 |2 -18" CC 3-18"CC 2-18" CC
EGO5 264 006 | Water Street & King Street (20 Water Street) -71.446 | 41.662 | 30" CC 30" CC 30" CC
EGO06 ?53(11_58) 263 007 | Division Street -71.445 | 41.664 | 36" CMP 30" CMP 36" CMP 36" CMP
EG07 |SP91-141 001 | South end of Crompton Ave (Rocky Hollow) -71.452 | 41.654 36" CC 36" CC
EGO8 Town Dock Parking Lot -71.449 | 41.656
WKO07 | SP91-23 Forge Rd. at AMTRAK ROW -71.457 | 41.648 | 15" CC 12" CC
WKO08 | SP91-103 262 Ladd St. at Nortons Marina -71.446 | 41.665 30" CC 24" Clay 30" Pipe
WKO09 Post Rd. and Ocean Point Ave. (South) -71.448 | 41.671 %;,, gf/[’Pz X
WK20 Post Rd. and Ocean Point Ave. (North) -71.447| 41.671
M1 SP91-24 306 Maskerchugg River

CC: Concrete
CMP: Corrugated Metal Pipe

Greenwich Cove — Class SB/SB1 Waters — other pipes

Other Pipes
SPI91-A SP91-144 | SP91-153
SP91-22 SP91-145 | SP91-154
SP91-101 | SP91-146 | SP91-155
SP91-102 | SP91-147 | SP91-156
SP91-104 | SP91-149 | SP91-157
SP91-105 | SP91-150 | SP91-158
SP91-142 | SP91-151 | SP91-159
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Apponaug Cove — North of Chepiwanonxet
Chepiwanoxet — Class SA Waters
The only station sampled by URI was WK10. The shoreline surveys would have sampled the identified sources if they were discharging.
Shoreline Survey NOTES

ID 1991 ID | 1998 ID | 2001 ID Location X Y URI 1991 Survey | 1998 Survey | 2001 Survey
WK10 | SP91-107 Chepiwanoxet Way and Oak Grove Street -71.447| 41.674 36", 18" CC
WKI11 | SP91-108 | SP98-09 | SP01-09 | Louise Street (ROW at 90 Herbert St) -71.446 | 41.675]| 12" CMP 8" CMP 12" CMP 12" CMP
WK14 Neptune Street -71.448 | 41.677| 12" CC

CC: Concrete

CMP: Corrugated Metal Pipe

North of Chepiwanoxet — Class SB Waters
The only station sampled by URI was WK13. The shoreline surveys would have sampled the identified sources if they were discharging.

Shoreline Notes
Survey
ID 1991 ID Location X Y URI 1991 Survey
SP91-112 Mary's Creek

WKI12 SP91-109 Fred Humlak Way at Folly Landing -71.450 | 41.683 | 24" CC 24" CC

WK13 Masthead Dr. and Fred Humlak Way -71.451 | 41.685|30" CC

WK56 SP91-113 Post Road at Ashmont St. -71.456 | 41.688 | No Info 2 - 36" Culverts
WK97 SP91-114 Paul Avenue -71.448 | 41.689 | 12" CC

CC: Concrete

Apponaug Cove — Class SB Waters
URI sampled HB08 and GCO1. Both are streams. The shoreline surveys would have sampled the identified sources if they were discharging.

Shoreline Notes
Survey
ID 1991 ID Location X Y URI 1991 Survey
HBO08 SP91-120 Hardig Brook at Route 1
GCol SP91-124 | Greenwood Creek 48" CMP
Culvert

WK16 Dory Road -71.450 | 41.696 | 15" CC
WK17 SP91-125 Edgewater Drive (64 Edgewater) -71.446 | 41.695 | Not Found 12" CC

SPI1-126 Edgewater Drive (143 Edgewater) 10" CC
WK18 SP91-127 Grandview Drive (217 Grandview) -71.4431 41.692| 12" CC 10" Pipe

CC: Concrete

CMP: Corrugated Metal Pipe
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Hardig Brook — Class B Waters

e
ID 1991 ID Location X Y URI 1991 Survey
WK15 SP91-119 Post Road in Apponaug -71.460 | 41.697| 18", 12" CC 10" Pipe
CC: Concrete
Greenwood Creek — Class B Waters
Shorlie
ID 1991 ID Location X Y URI 1991 Survey
WK86 West Shore Road at AMTRAK ROW -71.452'| 41.699 | No Info

Apponaug Cove — Class SB Waters — other pipes

Eagle's Lumber Pipes

SP91-115 | SP91-121
SP91-116 | SP91-122
SPI1-117

Other Pipes
SP91-106 | SP91-118
SP91-111 | SP91-123

02/02/04
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Northern Shoreline — Class SA waters
URI sampled BCO03 and WK 19 (dry weather only). The shoreline surveys would have sampled the identified sources if they were discharging.
Shoreline Survey NOTES
ID | FDA |1991 ID|1998 ID|2001 ID Location X Y URI FDA 1991 Survey|1998 Survey|2001 Survey
WKS83 SP91-10| SP98-10| SP01-10|58 Melbourne Avenue (Cedar Tree Point) -71.441| 41.687|No Info Stream Marsh Stream
BC03 304|SP91-11|SP98-11|SP01-11 |Baker Creek Stream |Stream Stream Stream
SP98-12 Stream draining Nausaket area wetland
WKI19 | 212|SP91-12|SP98-13|SP01-12|Capron Farm Rd. -71.430| 41.689|Inaccessible |Stream |Stream Stream Stream
213|SP91-13 SP01-13|Stream east of Capron Farm Road Stream
Stream west of Andrew Comstock Rd. 24" "
214| SP91-14| SP98-14| SP01-14 (Buttonwoods Camp) Culvert 18" CI Stream
261 20" CC pipe - 60 ft North of Andrew Comstock Rd 20" CC
WK89 Promenade Ave. and Andrew Comstock Rd. -71.422| 41.685|No Info
WK90 215(SP91-15 Promenade Ave. and Hemlock Ave. -71.420| 41.685|No Info éfeel 12" CMP
WKOL| 516/ SP91-16| SP98-15| SPO1-15 g:;’me“ade Ave.and Laurel Ave. (339 Promenade | -, 41¢l 41 685|Notnfo ~ |°* €C |30mcc |24" cC 24" CC
WK921 517] sp91-17| SP9s-16| sPo1-16|Promenade Ave. and Armore Rd. (271 or 259 71.417] 41.684|NoTnfo |12 €€ 157 cC 12" CC 18" CC
Promenade Ave)
218! sPo1-18! sP9s-17 6" PVC Corner Wall 100 ft East of SP98-16 (255 4" PVC 4" PVC 6" PVC
Promenade)
WKO93 | 219|SP91-19|SP98-18| SP01-17 |Promenade Ave. and Cooper Rd. -71.415| 41.684|No Info 8" CI 12" CI 12" CI 12" CI
WK94 | 220|SP91-20 Promenade Ave. and Eighth Ave. (215 Promenade) |-71.414| 41.684|No Info 8"CI |8"CI
WKO95 | 221|SP91-21|SP98-19 Promenade Ave. and Beach Park Ave. -71.411| 41.684|No Info 8"CI |8"CI 8" CI
CC: Concrete
CMP: Corrugated Metal Pipe
CI: Cast Iron
Baker Creek — Class SA waters
Shoreline Survey NOTES
ID | FDA |1991 ID|1998 ID|2001 ID Location X Y URI FDA 1991 Survey|1998 Survey|2001 Survey
WKS81 Long St. to Creekwood Dr -71.435| 41.695|No Info
WKS82 Clinton Ave. -71.437| 41.693|Not Found
WK96 Helen Avenue -71.434| 41.694|No Info
Melbourne Avenue Stream — ClassSA waters
Shoreline Survey NOTES
ID | FDA {1991 ID|1998 ID|2001 ID Location X Y URI FDA 11991 Survey|1998 Survey|2001 Survey
WK28 Midget Avenue -71.439| 41.690|No Info
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Brush Neck Cove — East — Class SA waters
URI sampled WK30, WK35, and WK38. The shoreline surveys would have sampled the identified sources if they were discharging. SRICD did not sample any
sources. WK31 and WK32 may not exist.

02/02/04

Shoreline NOTES
Survey
ID 1991 ID Location X Y URI SRICD 1991 Survey | Other
SRICD-100 Pine Grove Ave Concen. Flow
SRICD-101 Haswill St Concen. Flow
SRICD-102 Mohawk Ave Concen. Flow
SRICD-103 Canfield Ave Concen. Flow
SRICD-104 Northup St Concen. Flow
SRICD-119 Wilcox St Concen. Flow
WKS85 Spring Grove -71.416 | 41.699 | No Info 12" CC Vortech
WK29 Cottage Grove Ave -71.416| 41.699 | 21" CC 12" CC Vortech
WK30 SP91-137 Shand Ave -71.414 | 41.698 | 30" CC 30" CC 36" CC Vortech
WK31 Hollis Avenue to Tweed Street -71.413 | 41.700 | Inaccessible No Outlet
WK32 Reynolds Ave. -71.412| 41.699 | Inaccessible No Pipe Found
WK59 Pettis Dr -71.409 | 41.698 | 12" CC 18" CC
WK33 Canfield Ct -71.407 | 41.697 | Not Found 18" CC Vortech
WK34 Gordon Ave @ Lloyd Ave -71.407 | 41.697|24" CC Pipe
WK35 Gordon, Hawksley, Seaview -71.406 | 41.698 | 27" CC 30" CC Vortech
WK36 SP91-133 Wilcox St -71.404 | 41.692|18" CC- A 18" CC 18" CC
WK37 Ottawa Ave -71.401 | 41.690 |2 x 24" CC 12" CC
WK38 Mohawk Ave -71.401| 41.688|18" CC 12" CC
WK39 SP91-131 Sea View Dr -71.403 | 41.688|6'x 6' Culvert | 12" CC Culvert
WK40 SP91-129 Strand Ave -71.402 | 41.686|15" CC 12" CC 15" CC
CC: Concrete
Brush Neck Cove — City Park — Class SA waters
Shoreline NOTES
Survey
ID 1991 ID Location X Y URI SRICD 1991 Survey
WK27 Shamrock Drive -71.417| 41.693 | No Info
QOakland Beach — Class SA waters
Shoreline NOTES
Survey
1D 1991 ID | Location X Y URI SRICD 1991 Survey
WK41 SP91-128 Burr Ave. to Oakland Beach -71.397 | 41.684 | Not Found 24" GW Seep
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Brush Neck Cove — Tuscatucket Brook — Class A waters — discharge to upper Brush Neck Cove
SRICD did not sample any sources.

NOTES
1D Location X Y URI SRICD
Upper Tuscatucket Brook
SRICD-108 | Carolyn St No Info
SRICD-109 | Everglade Ave Concentrated Flow
SRICD-110 | Brentwood Ave & Strawberry Field 18" CC
SRICD-113 | Hanover St 18" CC
SRICD-114 | Burbank St @ Deerfield & Perkins 12" CC Vortech Planned
SRICD-115 | Adrian St No Info
SRICD-116 | Burgess Dr 12" CC Vortech Planned
SRICD-117 | Parkway Dr 12" CC
SRICD-118 | Parkway Circle 12" CC
SRICD-120 | Inman Ave Concentrated Flow
SRICD-121 | Burbank Dr 15" CMP Vortech Planned
SRICD-144 | Warwick Industrial Dr No Info
SRICD-145 | Warwick Industrial Dr 12" CC
SRICD-146 | Everglade Ave No Info
SRICD-161 | Brentwood Ave Concentrated Flow
Lower Tuscatucket Brook
SRICD-105 | Cove Ave Concentrated Flow
SRICD-106 | Strawberry Field Road 12" CC
SRICD-107 | Almy Street 12" CC
SRICD-111 | Liverpool St No Info
SRICD-112 | Main Ave No Info
WK87 West Shore Rd @ Cove Ave -71.421 | 41.704 | No Info 30" CC, 36" RCP

CC: Concrete

CMP: Corrugated Metal Pipe
RCP: Reinforced Concrete Pipe

02/02/04
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Brush Neck Cove — Southern Creek — Class A waters — discharge to upper Brush Neck Cove
SRICD did not sample any sources.

Notes
ID Location X Y URI SRICD
Upper Southern Creek
SRICD-123 | West Shore Rd 12" CC
SRICD-124 | McKinley St 12" CC
SRICD-125 | Vera St 18" CC
SRICD-126 | Juliet St 12" CC
SRICD-127 | West Shore Rd 18" CMP
SRICD-128 | Wesleyan Ave & Capeway Rd 36" CC
SRICD-143 | Warwick Housing 24" CC
SRICD-147 | West Shore Rd Concentrated Flow
SRICD-148 | Buttonwoods Ave Concentrated Flow
SRICD-151 | Wilmar St 12" CC
SRICD-152 | Grant St 12" CC
SRICD-154 | Wicks Ct 12" CC
SRICD-155 | Gladys Ct 12" CC
SRICD-156 | Larkin @ Link 12" CC
SRICD-157 | Larkin St 12" CC
SRICD-158 | Woodwind Ct 12" CC
SRICD-159 | West Shore Rd 12" CC
Lower Southern Creek
SRICD-122 | City Park Overland Flow
SRICD-129 | Buttonwoods Ave 12" CC
SRICD-130 | Marshall Ave 15" CC
SRICD-131 | White Ave Concentrated Flow
SRICD-132 | East of Buttonwoods Ave 12" CC
SRICD-133 | Asylum Rd & Boyle Ave 15" CC
SRICD-134 | Warwick Housing Overland Flow
SRICD-135 | Sunny Cove Dr 15" CC
SRICD-136 | Kerri Lyn Rd 15" CC
SRICD-137 | Mystic Dr Concentrated Flow
SRICD-138 | Keystone Dr 12" CC
SRICD-139 | MaCarthur Dr Concentrated Flow
SRICD-140 | Larson Dr 18" CC
SRICD-141 | Long View Dr 12" CC
SRICD-142 | 364 15" CC
SRICD-149 | Buttonwoods Ave Concentrated Flow
SRICD-150 | White Ave (So. Side, conc flow) Concentrated Flow
SRICD-153 | Off Buttonwoods Ave Overland Flow
WKS88 Moccasin Dr & Cove Ave -71.420| 41.699 | No Info 12" CC
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Buttonwoods Cove — Class A waters

ID Location X Y URI
WK21 Mill Wheel Rd. -71.420 | 41.690 | 15" CC
WK22 Moulton Circle (Entrance) -71.423 | 41.693 | 27" CC
WK23 Moulton Circle -71.422 | 41.692 | 18" CC
WK24 Sea Breeze Terrace -71.422 | 41.692 | No Info
WK25 Ingersoll Avenue -71.421 | 41.691 | No Info
WK26 Ingersoll Ave. from Hagerstown Dr. and Griffin Dr. -71.420 | 41.691 | No Info
WK&84 Flamingo Drive -71.423 | 41.692 | No Info

CC: Concrete

Buttonwoods and Brush Neck Cove — Class SA waters — other pipes

Other Pipes
SP91-130 | SP91-135 | SP91-139
SP91-132 | SP91-136 | SP91-140
SP91-134 | SP91-138

02/02/04
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Warwick Cove — West — Class SB waters
URI only sampled WK43 in dry weather. The shoreline surveys would have sampled the identified sources if they were discharging. SRICD did not sample any
sources.

Shoreline NOTES
Survey
ID 1991 ID Location X Y URI SRICD 1991 Survey

WK42 Suburban Parkway (East) -71.394 | 41.687 | 15" CC 15" CMP
WK43 Pequot Ave. and Prior St. -71.398 | 41.697 | 36" CC SRICD 217and 210
WK44 Chiswick Road -71.392| 41.699 | Not Found 12" CMP
WK45 Searle Street -71.389 | 41.698 | Not Found 12"
WK62 Wharf Street -71.391| 41.697 | No Info No Info
WK72 Glenco Road -71.394 | 41.698 | No Info SRICD 219
WK76 Hackman Place (SRICD - Orrin Street) -71.383 | 41.701 | No Info No Info
SRICD-208 Walsworth Street No Info
SRICD-209 North Shore Street 4" PVC
SRICD-222 Marina Yard, east of Searle Street No Info
SRICD-223 Marina Yard, Holden Street No Info
SRICD-230 Van Stone Avenue No Info
SRICD-224 West Shore Road to Brow Street No Info

SP91-205 Warwick Cove Marina 2", 4" PVC

SP91-206 Bay Marina - Bulkhead at south side travel-lift

CC: Concrete
CMP: Corrugated Metal Pipe

Warwick Cove — Pequot Avenue Stream — Class B waters — discharge to northwestern Warwick Cove
SRICD did not sample any sources.

Shoreline NOTES
Survey
ID 1991 ID Location X Y URI SRICD 1991 Survey
WKS58 Pequot Ave. with Chelmsford Ave. -71.398 | 41.697 | No Info No Info
WK73 Quarry Road -71.401 | 41.698 | No Info No Info
WK74 Oakland Beach Ave. to Salix St. (North) -71.399 | 41.697 | No Info SRICD 214
WK75 Oakland Beach Ave. to Salix St. (South) -71.399 | 41.697 | No Info SRICD 214
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Warwick Cove — East — Class SB waters
URI sampled WK46 and WK47 (dry weather only). The shoreline surveys would have sampled the identified sources if they were discharging. SRICD did not
sample any sources.

Shoreline NOTES
Survey
1D 1991 ID Location X Y URI SRICD 1991 Survey
WK46 Warwick Neck Ave. and Samuel Gorton Ave. -71.382 | 41.699 | Vortech No Info
WK47 Warwick Neck Ave. and Oakside St. -71.380 | 41.697 | Stream opposite WK78
WK48 Guild Avenue -71.385| 41.697 | Not Found 12"
WKS50 Beaver Avenue -71.380 | 41.696 | Not Visited Not Mentioned
WK54 Fosters Brook at Meadow View Ave. -71.386 | 41.693 | Stream Not Mentioned
WK57 Harris Avenue -71.385| 41.697 | Not Found 12"
WK63 Millard Street -71.385| 41.695 | No Info No Info
WKo64 Progress Street -71.389 | 41.691 | No Info No Info
WK65 Tiffany Ave. to Greenwich Bay -71.390 | 41.692 | No Info No Info
WK77 Stephanie Court -71.382 | 41.699 | No Info 18"
SRICD-235 Sayles Avenue No Info
SRICD-248 Pain Street and Progress Street 18" CMP

CMP: Corrugated Metal Pipe

Warwick Cove — Oakside Creek - Class B waters — discharge to northeastern Warwick Cove
URI and SRICD did not sample any sources.

Shoreline NOTES
Survey
ID 1991 ID Location X Y URI SRICD 1991 Survey
WK78 Studley Ave. to Oakside St. -71.380 | 41.698 | No Info 18"
WK79 Leland Ave. to Oakside St. -71.379| 41.698 | No Info Not Mentioned
WK80 State St. to Oakside St. -71.379| 41.697 | No Info No Info
SRICD-243 Boylston Street 12"
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Warwick Cove — Fosters Brook
URI and SRICD did not sample any sources.

02/02/04

Shoreline NOTES
Survey
ID 1991 ID Location X Y URI SRICD 1991 Survey

WK49 Meadow View Avenue -71.385| 41.693 | No Info No Info
WK60 Randall Ave. (Upper to Fosters Brook) -71.385| 41.684 | No Info No Info
WK61 Randall Ave. (Lower to Fosters Brook) -71.385| 41.684 | No Info No Info
WK66 Tiffany Ave. to Fosters Brook -71.385| 41.693 | Not Visited 18" RCP
WK67 Carlton Ave. -71.383 | 41.687 | No Info No Info
WK69 Main Channel (Upper to Fosters Brook) -71.385| 41.683 | No Info 12"

WK70 Main Channel (Lower to Fosters Brook) -71.385| 41.683 | No Info 12"
SRICD-241 Leroy Avenue 24" RCP
SRICD-251 Port Circle 15"

RCP: Reinforced Concrete Pipe

Warwick Neck — Class SA waters
The only station sampled by URI was WKS52. The shoreline surveys would have sampled the identified sources if they were discharging. SRICD did not sample any

sSources.

Shoreline Survey NOTES

ID 1998 ID | 2001 ID Location X Y URI SRICD 1998 Survey | 2001 Survey
WKS51 SP98-20 | SPO1-18 | Randall Ave. to Greenwich Bay -71.389 | 41.683 | 18" CMP No Info Marsh Marsh
WKS52 SP98-21 | SP01-19 | Kirby Avenue -71.391 | 41.677 |18" CC No Info 18" CC 12" CC
WKS53 SP01-20 | Narragansett Bay Avenue -71.391| 41.675|15" CC 15" 18" CC
WK68 Briarcliffe Avenue -71.384 | 41.669 | No Info 18" RCP
WK71 Main Channel to Greenwich Bay -71.390 | 41.682 | No Info to level spreader
SRICD-225 Channel View South 15"

CC: Concrete
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Appendix D Direct Storm Water Discharge and Other Source Station Locations and Data

Direct Storm Water Discharge Locations

02/02/04

ID Location
EGO1 EG Transfer Station
EGO06 Division Street
EG07 Crompton Avenue
WKO5A | Beachwood Pond Outlet (Beachwood Drive)
WKO05B | Beachwood Pond Outlet (Beachwood Drive)
WKO5C | Beachwood Pond Outlet (Beachwood Drive)
WKO5D | Beachwood Pond Outlet (Beachwood Drive)
WKO08 Ladd St. at Norton's Marina
WKO09 Post Road and Ocean Point Avenue (South)
WK10 Chepiwanoxet Way and Oak Grove Street
WK13 Masthead Drive and Fred Humlak Way
WKI19 Capron Farm Road
WK22 Moulton Circle (Entrance)
WK28 Midget Avenue
WK30 Shand Avenue
WK35 Gordon Avenue, Hawksley Avenue, and Sea View Drive
WK38 Mohawk Avenue and Powhatan Street
WK43 Peqout Avenue and Prior Street
WK46 Warwick Neck Avenue and Samuel Gorton Avenue
WK47 Oakside Street Brook (Warwick Neck Ave and Oakside St)
WK52 Kirby Avenue
WK54 Fosters Brook (Meadow View Avenue)
Dry Weather
Study Date Days Since/ | EG01 | EG06 | EG07 | WKO05 | WKO0S | WKO05 | WKO0S | WKO08 Study Date Days Since / | WK19 | WK22 | WK28 | WK43
Rain Amount A B C D Rain Amount
(inches)" (inches)"

URI DS 21-Mar-97 6/0.36 400 19 5 1 4600 URIDS 21-Mar-97 6/0.36 8 12 4 30

'Rain measured at TF Green Airport.
Study Date Days Since/ | WK09 | WK10 | WK13 | WK30 | WK3S | WK38 | WK46 | WK47 | WKS52 | WK54
Rain Amount
(inches)"
URIDS 21-Mar-97 6/0.36 1 44 22 4 1 360 17 590 1 33
RIDEM 07-Jul-00 3/0.09 5

'Rain measured at TF Green Airport.
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Wet Weather

Study Date Days Since/ | EG012 | EG06” | EG07* | WKO05 | WKO05 | WK05 | WKO05 | WKO8’
Rain Amount A B C D
(inches)'
URIDS | 12-Sep-96 0.5/0.04 460 190 670 60 60 150 550 400
URIDS | 12-Sep-96 0.5/0.04 31000 | 2100 [ 3700 60 130 1600 750 [ 3100
URIDS | 12-Sep-96 0.5/0.04 4000 | 47000 | 9900 160 64| 1100 590 | 34000
URIDS | 12-Sep-96 0.5/0.04 26000 | 62000 | 3800 120 110 50 630 [ 5200
URIDS | 12-Sep-96 0.5/0.04 29000 | 44000 | 2100 200 98 10 800 [ 78000
URIDS | 12-Sep-96 0.5/0.04 32000 170 130 60 800 [ 99000
URIDS | 17-Sep-96 0.5/0.93 15000 [ 110000 [ 9400 | 32000 9900 | 1700 [ 3500 4300
URIDS | 17-Sep-96 0.5/0.93 17000 | 6500 [ 3900 | 33000 | 6000 | 9400 | 24000 | 11000
URIDS | 17-Sep-96 0.5/0.93 20000 | 14000 [ 8600 | 1200 | 3900 | 8600 [ 16000 [ 13000
URIDS | 17-Sep-96 0.5/0.93 40000 | 12000 [ 8700 750 [ 4400 4600 | 4400 | 6800
URIDS | 17-Sep-96 0.5/0.93 9100 | 5400 | 6800 [ 14000 370 [ 2600 2900 | 24000
URIDS | 17-Sep-96 0.5/0.93 14000 | 4600 [ 4700 | 26000 550 720 5400 3700
URIDS | 17-Sep-96 0.5/0.93 7800 | 2800 | 31000 | 16000 [ 4200 [ 2200 3300 | 7500
URIDS | 17-Sep-96 0.5/0.93 14000 | 4600 | 20000 8700 | 3100 | 54000 | 5300
URIDS | 17-Sep-96 0.5/0.93 25000 | 5400 ] 5000 3400 | 4300 | 24000 | 14000
URIDS | 17-Sep-96 0.5/0.93 13000 | 5500 | 12000 11000 | 4400 | 2600 | 15000
URIDS | 17-Sep-96 0.5/0.93 27000 [ 8000 [ 7500 15000
URIDS | 17-Sep-96 0.5/0.93 12000 | 9200 | 6600 8000
URIDS | 22-Sep-96 0.5/0.67 520
URIDS | 22-Sep-96 0.5/0.67 8200 | 8800 12 44 70 16 320 1300
URIDS | 22-Sep-96 0.5/0.67 3800 | 66000 | 3400 64 180 [ 9000 520 7200
URIDS | 22-Sep-96 0.5/0.67 5000 | 31000 | 6200 48 110 740 300 [ 12000
URIDS | 22-Sep-96 0.5/0.67 13000 | 15000 | 6700 240 60 [ 15000 370 [ 2200
URIDS | 22-Sep-96 0.5/0.67 2400 | 5500 | 3500 70 60 1100 350 [ 6800
URIDS | 22-Sep-96 0.5/0.67 12000 | 29000 | 2200 800 110 89 380 700
URIDS | 22-Sep-96 0.5/0.67 7700 | 5800 | 2700 260 100 | 4600 130 [ 2100
URIDS | 22-Sep-96 0.5/0.67 9700 | 5800 | 3700 190 150 2200 1200 3000
URIDS | 22-Sep-96 0.5/0.67 6200 | 4700 | 3100 1200 | 1100 [ 3200
URIDS | 22-Sep-96 0.5/0.67 5300 | 4600 | 5200 3200
URIDS | 22-Sep-96 0.5/0.67 4400
RISP 98 | Not Known 9300
RISPO1 | 04-Jun-01 2/1.51 150
COUNT 28 28 28 23 24 25 25 28
GEOMETRIC MEAN 9196 9704 4205 560 430 1034 1532 6456
80" PERCENTILE 23000 31600 8660 14600
90" PERCENTILE 24000 7890 8840 20800

'Rain measured at TF Green Airport.

2These waters drain to Class SB/SB1 waters.
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Study Date Days Since / | WKO09? | WK10 | WK13? | WK30 | WK35 | WK38 | WK46> | WK47® | WK52 | WK54®
Rain Amount
(inches)'

URIDS | 08-Oct-96 0.5/2.36 6200 | 4500 | 21000 11 3000 | 550000 | 5000 1 5200
URIDS | 08-Oct-96 0.5/2.36 14000 | 5400 | 20000 | 3800 | 11000 | 270000 | 4700 160 | 13000
URIDS | 08-Oct-96 0.5/2.36 13000 | 28000 | 4900 | 4800 | 4800 110000 | 3000 5200 | 14000
URIDS | 08-Oct-96 0.5/2.36 11000 [ 7900 | 8600 | 8900 | 8600 [ 76000 [ 4400 2200 | 15000
URIDS | 08-Oct-96 0.5/2.36 7600 | 6700 | 12000 | 6400 | 11000 | 10000 | 2200 1300 | 11000
URIDS | 08-Oct-96 0.5/2.36 9200 | 11000 | 14000 [ 3200 [ 13000 | 13000 | 3500 1200 | 6400
URIDS | 08-Oct-96 0.5/2.36 5300 | 11000 | 8600 1700 | 26000 | 10000 | 2000 1300 | 6400
URIDS | 08-Oct-96 0.5/2.36 8200 | 6900 | 16000 | 1800 [ 9600 [ 270000 1600 600 [ 13000

URIDS | 08-Oct-96 0.5/2.36 3900 | 12000 | 6500 660
URIDS | 09-Nov-96 | 0.5/0.53 4 100 240 59 660 | 70000 | 8800 90 [ 2100
URIDS | 09-Nov-96 [ 0.5/0.53 2600 | 1100 | 5400 [ 28000 [ 13000 [ 75000 | 6900 6300 | 32000
URIDS | 09-Nov-96 | 0.5/0.53 26000 | 11000 | 20000 | 11000 | 13000 | 22000 | 6800 1500 | 4200
URIDS | 09-Nov-96 [ 0.5/0.53 35000 | 11000 [ 140000 | 9000 | 11000 | 14000 [ 7000 590 [ 3900
URIDS | 09-Nov-96 | 0.5/0.53 5100 | 5900 | 24000 | 8400 | 7100 | 23000 | 7700 830 | 4000
URIDS | 09-Nov-96 | 0.5/0.53 16000 | 5200 | 25000 | 4700 | 13000 | 11000 | 4300 800 1700
URIDS | 09-Nov-96 | 0.5/0.53 6000 | 3200 | 12000 | 28000 [ 7100 15000 [ 1800 510 [ 2500
URIDS | 09-Nov-96 | 0.5/0.53 6500 | 3300 | 15000 | 8700 | 4800 | 14000 | 3000 570 | 3300
TMDL 26-Jul-01 0.5/0.71 19000 15000
TMDL 27-Jul-01 1/0.71 1700 1800
COUNT 16 16 16 17 17 17 17 2 16 18
GEOMETRIC MEAN 5668 4949 11894 3310 8000 35656 3580 5683 590 6105
80" PERCENTILE 14000 21000 6880 15540 13600

90" PERCENTILE 11000 17800 13000 270000 3700

'Rain measured at TF Green Airport.
’These waters drain to Class SB/SB1 waters.
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Appendix E Bacteria Concentrations at the Mouth of Greenwich Bay

02/02/04

The Rhode Island Shellfish Program samples stations outside of Greenwich Bay six times per year under
both wet and dry weather conditions. The results summarized below were taken between 1984 and 2002

from stations in Growing Area 9 (GA-9), also known as West Middle Bay.

Wet Weather Dry Weather
Station | Number of | Geometric Mean 90th Percentile Number of | Geometric Mean 90th Percentile
Samples (fc/100 ml) (fc/100 ml) Samples (fc/100 ml) (fc/100 ml)
GA9-5 81 6 43 24 3 8
GA9-6 83 4 37 24 2 2
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Appendix F 2000 and 2001 Beach and Shellfish Closures

2000 Goddard Park

10000 -

Goddard Park 2000 Beach Data
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=== (Goddard Beach Closure
® Dry Goddard East
A Dry Goddard West
® Wet Goddard East
A Wet Goddard West
® Shellfish Station 4

On August 25, 2000 Goddard Park was partially reopened
from the center of the beach eastward. The west side of the
beach, closest to the beach house had an abundance of birds,
which caused RIDOH to close this portion of the beach for the
remainder of the 2000 beach season.

Wet weather data points are those samples taken up to seven days
after 0.5 inches of rain at the Providence Rain Gage.

Prepared by RIDEM Water Resources
with data collected by the DOH Beach
Program and RIDEM Shellfish Program.
May 2002
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2001 Goddard Park
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Goddard Park 2001 Beach Data
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2001 beach samples were analyzed using the A-1 testing technique.

Prepared by RIDEM Water Resources
with data collected by the DOH Beach
Program and RIDEM Shellfish Program.
May 2002
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2000 Oakland Beach
Oakland Beach 2000 Beach Data
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Wet weather data points are those samples taken up to seven days after 0.5 inches
of rain at the Providence Rain Gage.

Prepared by RIDEM Water Resources
with data collected by the DOH Beach
Program and RIDEM Shellfish Program.
May 2002

Rainfall Amount (inches)
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. . Wet weather data points are those samples taken up to seven days after 0.5 inches
C—] Rain - RIDEM (Providence) of rain at the Providence Rain Gage.
I Rain - TF Green Airport
50 fc/100 mi 2001 beach samples were analyzed using the A-1 testing technique.
~~~~~~~~~~ 200 fc/100 ml
——— 14 fc/100 ml
Shellfish Closure
Oakland Beach Closure
® Dry Oakland East
A Dry Oakland West
® \Wet Oakland East Prepared by RIDEM Water Resources
A Wet Oakland West with data collected by the DOH Beach
®  Shellfish Station 25 Program and RIDEM Shellfish Program.
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Wet weather data points are those samples taken up to seven days after 0.5 inches

of rain at the Providence Rain Gage.

Prepared by RIDEM Water Resources
with data collected by the DOH Beach
Program and RIDEM Shellfish Program.
May 2002
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City Park 2001 Beach Data
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Wet weather data points are those samples taken up to seven days after 0.5 inches

of rain at the Providence Rain Gage.

2001 beach samples were analyzed using the A-1 testing technique.

Prepared by RIDEM Water Resources
with data collected by the DOH Beach
Program and RIDEM Shellfish Program.
May 2002
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